Chapter 10

BOATI NG BENEFI T ESTI MATI ON BASED ON CHO CES OF COWPLEMENTARY GOODS

This chapter outlines, in turn, the nature of econonetric nodels of
di screte (durable goods) choice and the procedures required to produce a
monetary wel fare neasure from such nodel s when one of the attributes of the
choice (in this case water availability by category of boat) changes.
After this overview the details of the Coast Guard boating data as
suppl emented are discussed, and a discrete choice nodel is estimted from
the Coast CGuard Survey Data. Finally, welfare neasures associated with the
effect of water quality inprovements on the utility of discrete choice are

derived

THE DI SCRETE CHO CE DEMAND MODEL

The consumer's qualitative choice problemin this context is whether
to own a boat for pleasure cruising or hunting and fishing and, if the
ownership decision is nade, what kind of boat (power, sail, etc.) to own.

To avoi d conplicated conbinatorial problenms, assune that if the
purchase decision is made, one and only one type of boat will be owned.
Al'so, hypothesize that the available types of boats are qualitatively
differentiated,1 and that boat durables demand is influenced by the |eve
of supply of the conplementary public good, boatable water.

Wth these assunmptions in nmind, this section presents the analytics of
the discrete choice demand nmodel in a determnistic setting, a
generalization of the theoretical exposition in Mi&ler 1974, al so discussed

by Small and Rosen 1981, and Hanemann 1981. Subsequently, the random
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utility (RUM version of the nodel is outlined. The form of the
di stribution function (extrene value) of randomtaste variations is
introduced to characterize the econonetric RUMin terns of the conditional
distribution of the observed outcones, given an observed set of explanatory
variables influencing the utility of each choice (MFadden 1974).  Finally,
methods for calculating welfare measures in the context of the
budget - constrained RUM qualitative choice nodel are outlined, follow ng

Hanemann, 1982a, 1982b, 1983.

The Determ nistic Choice Mdel

The discrete choice denmand nodel can be witten formally as a static
utility maximzation problem subject to a budget constraint and
constraints which inpose nmutual exclusivity and |unpiness in discrete goods

consunption (Hanemann 1981):

max. u(Xyyeees Xyo Grseesy 9yr2) (1)

s.t.

2 >0

where x; represents a durable good, P its capital service price, ¢, an

N

index of the quality attributes of the . durable, and z a Hicksian

conposite commdity of undifferentiated quality with a normalized price p,

of unity. 2
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To get the nmodel in (1) into a formanenable to econonetric estimation
it is convenient to derive the indirect utility function. First, the
consuner’ s problemcan be refornulated into a "surplus incone" version of
the utility function by substituting the budget constraint into the utility

function in (1). The new probl emequivalent to (1) is:

nax. u(xl,...,xN, ¢1""’®N’ (y - ;“‘Dixi)/pz) (2)

z22>0
Now, if the consuner opts for purchase of durable good i his utility
condi tional on that decision, u, recogni zi ng the renai ning constraints,
is: 3
4, = u(0,.u, 0, Xyy Oyevny Oy 4y 0sts0, (¥=D,%)/p ) (3)
But, if the consumer decides not to own any durable, instead allocating al
incone, y, to the undifferentiated H cksian conmposite conmodity, utility
condi tional on that decision, u,, is:
u, =u (0. .., 0 0. ..,0 ylp,) (4)
Both (3) and (4) above have prices and inconme (along with quality
attributes) as argunents, and can be expressed as conditional indirect
utility functions v( «), which Hanemann 1981 wites? as:

u.
1

']

v, (9, (Y“pi;i)/pz) i= 1,00, N (5)

u

2 VZ(Y/pZ) (6)

The functions are homogenous of degree zero in prices and incone
The consumer’s deci sion can now be represented by a set of binary

functions s§,,...,3§ whi ch assune a value of 1 if the choice

N’ 5z
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represented by the subscript (i=1, . . ..Nfor discrete goods and z for
excl usi ve consunption of the Hi cksian good) is nade and O ot herwi se. A
particular choice will be made if the conditional utility derived from that
choi ce dom nates the conditional utility provided by any other choice. So,

the binary variables are on-off switches related to the conditional

indirect utility function by:

. L= v (s (), all
1if vi(¢,i, (y pixi)/pz) > ‘ ) and v, t ) |

§.(p,4,¥) _ (7)
‘ 0 otherw se
and
it v (ylp,) > vp (o, all i =1, .., N
§,(p,a,y) _ (8)
0 ot herw se

This being the case, the ordinary unconditional denmand functions from

problem (2) are defined:

Xl(p, @sY) = 61<pl¢1Y)Xl = SL(P,%)’) (9)
2(p,%,7) = (y=6,(p,,7)%;p;)/p, (10)
where, if any si=l the quantity of z is fixed because of the budget

constraint and if all §;=0 the quantity of z is given as y/p,.
Substitution of these demand functions into the utility function (1)
yields the unconditional indirect utility function.
V(p,qy) =M [Vi( oy, (xR Ly ey (11)
(y=pyxy)/p,) » Vg (YD) ]
For exanple, suppose the conditional indirect utility functions are

linearly additive in attributes, service prices and income; and nornalize

P, to unity:
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Vi = AlyTpixg) + 8 v, = Ay (12)
The parameter i represents the marginal utility of expenditure, and the

variable s ; represents the way the quality characteristics of the

i=1,..., N discrete coomodities affect utility. In application, 9, S
often treated as a linear function of observable attributes, q. (See
Hanemann 1981 for an extensive discussion). In this case

9p = ap T Byt Balag et Bpdp, (13)

To solve this problem the consuner nust exhaustively evaluate all of
the conditional indirect utility functions v () and v, () to find the
option which yields maxinumutility, given his incone.

Which option will he pick? If we rearrange the indirect utility
functions vi (), (12) can be rewitten as:

Vi o= A(y—-rri;i); v, = Ay (12")
wher e m.=p;=(3,/2). Hanemann 1982 regards the T, as “general i zed” or
quality corrected prices. Then the selection procedure can be arbitrarily
regarded as a two step process. First, the consuner finds the dom nant
durabl e good armong the i=1, . . .Ndurables, which will be the durable wth
the | owest val ue of T (ignoring ties). Then he conpares the utility index
of this choice, max vib) to the utility index produced by exclusive
consunption of the conposite commodity Vz(')' He will choose to purchase
the dominant durable and allocate the renainder of his income to the
H cksian conposite if its value of T is negative and will consune only the
H cksian conposite otherw se

Several possibilities are displayed graphically in figure 10.1, where
the individual's income is y*. The wutility yielded by exclusive

consunption of the Hicksian conposite comodity is a linear function of

income following (12) above. The marginal utility of expenditure, 1, is
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Figure 10.1
A Framework for Analyzing Durable Goods Decisions
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given by the ratio of the maximumutility attainable by spending all of his
i ncone on the conposite, y: to his incone allotnent, yf Three durable
options are also shown, where =, < T, < 0 < m,. Here, exclusive
consunption of the H cksian conposite is preferred to diverting sone incone
to the purchase of durable X,. But both x, and x, are preferred to
excl usive consunption of the conposite, and purchase of %, is the domi nant

)
overal | choice. °

The Budget - Constrai ned Random Utility Yodel (RUW

The randomutility nodel (MFadden 1974, 1981, 1982) arises by
supposi ng that each individual has a utility function with a non-stochastic
conponent reflecting representative tastes and an unobservabl e stochastic
conponent . This latter conponent arises either from idiosyncratic
interpersonal variations in individual tastes, intrapersonal stochastic
choi ce behavior, or unobserved attributes of differentiated goods (MFadden

1974, 1981, 1982, Hanenmann 1982).7 The budget - constrai ned RUM adds the
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requi rement that the nmeasure of utility conditional on the jth

choi ce be
interpreted as a conditional indirect utility function, as derived in the
previous section (Eg. 11) (Hanemann 1981). In this fornulation, explicit
restrictions on the arguments and functional structure of the
non- st ochastic conmponent of utility are inplied.

Following MFadden (1974) and Amenmiya (1981), let a typica

h choice be a

individual’s conditional utility corresponding to the jt
function of a vector of characteristics (Including prices) of alternative |
faci ng individual i, 25 (where from the previous devel opnment the vector
Zij i ncl udes Pij: Py and ¢H) and characteristics 5 whi ch vary across
i ndi vidual s but not across choices: These latter include the socioecononic
characteristics of the individual, |ike inconme, and characteristics of the
environment like climate that may affect choice. That is, the average

utility of choice j is:

713 7<zij, URERE (14)
where a linear formfor the utility function is conveniently assunmed, wth
Xij @ col um vector of functions of 2, and A and Bj a parameter (colum)
vector conmon to the entire population. Each individual in the population
thus has the randomutility of choice j represented by the function:

Uy = V(Zij, Wo)o# g5 = Xijsj " (15)
In (15) the stochastic errors 2 are independently and identically
distributed with the type | extreme value distribution (Mddala 1983) with
a cunulative distribution function ?’;. c; = expl=e ). The errors
represent the displacement of each individual's utility fromthe average as
a function of the choice attributes and the individual's characteristics.

For exanple, denoting the choice of buying a boat as choice 1 and of

not buying. as choice 0, the binary random utility conparison is:8
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ui° = xEOBo + €i°
versus (16)
Uin = Xilsx e
Then, individual i will own a boat if Ui > U and will not own one
ot herw se.

Let (16) be witten in a nore detailed formconsistent with the
utility nodel of the previous section. Since the H cksian choice involves
an undifferentiated commodity, suppose there is one quality attribute
influencing the utility of the boat choice, ql and one general attribute

climte, influencing both choices, q,:

uio = Ayi M BOQOi *+ Eio0 7 Vo * Eio
ver sus
u‘il =y + Ayi - ’\pli + 81(3101 * quli e (17)
= Vie Y oEn

where, as before, i represents the marginal utility of incone, V.

Here the restrictive assunption is nmade that the individual’'s
responses (the “marginal utilities") to sonme attributes (income, price) are
invariant with respect to the choice, thus the nonsubscripted x. However
the sensitivity of the choice utility to some environmental characteristics
(climte) which vary over individuals but not choices is represented by the
paraneters attached to ¢, in the two equations, whereas the intercept

value (0 or «,) is alternative-specific, as is the influence of the quality

attribute, QIi'g
Now, defining the choice indicator | = 1if the individual 13 observed
to own a boat and | = 0 otherwi se we have. from (17) the probability that

an individual chooses alternative 1:
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mv)
—
—
1
—
PR
1

Pr(uil > uiO) (18)

= Prlle;o - g;0) < (@, - APy + (B - Boddoy + B2Gyy)]

Prie o < (g1 + ap - APy + (8, - Bo)Qo; + B2Gyy)]
Assuming a type | extreme value distribution F-) for the €0 and Eixit
can be shown (Maddala 1983, p. 60) that, dropping the individual i

subscript:

Pr(l = 1) = exp(v,)/(exp(v,) + exp(v,)) (19)

= 1U(1 + exp (v, - v))

Mre generally for several choicesrather than a binary choice, with

H choice indicators which equal 1 if the j th choice is nade and zero
ot herw se:
J
Pr(I, = 1) = exp(v,)/] exp(;ﬁ) (20)
J=1
~ 1 . 1
S - - J R
% exp (v, = vj) 1+ ] exp(vj =v,)
j=1 J#1

It is apparent fromthe formof (18), (19) and (20) that activity
specific variables which vary in |evel across individuals but not choices
are reflected in the estimted choice nodel only as parameter differences.
And when a variable which varies across individuals but not choices is
restricted to paraneter equality across choices it drops out of the node

al t oget her
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Particularly, incone does not enter our “no income effects” version of
the RUM nodel since the constancy of the marginal utility of expenditure,
A, 1s a naintained hypothesis (Hanemann 1982). Notably, prices and
characteristics are the only variables influencing choice in the “no incone
effects” RUM nodel. Figure 10.2 shows, in a determnistic framework, how
an increase in discrete goods prices fromp, p, to p!, pi nmakes the
consunption of durables unattractive. Figure 10.3 contrasts a no-incone
effects nodel (Panels A and C) to a nodel where the incone |evel affects
choi ce probability because the nmarginal utility of inconme is not constant
(Panels B and D). Panels A and C depict two individuals with incomes y,

and yg <y, facing the sane price set. Note that because the marginal

— ma — e e — . . eap e S — ———n  —  — ——
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Figure 10.2

Changing Prices Affect Durable Goods Decisions
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Figure 10.3

Contrasting Mdels Wth and Wthout Income Effects
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utility of expenditure is constant, purchase of discrete good 2 is the
preferred option at both income |evels. But in Panels C and D the
nonlinearity of the indirect utility function causes a purchase of good 2
to be domnant for an individual with incone y, but exclusive consunption
of the Hi cksian conposite to be the best choice for an individual wth
i ncone yp

In our case the no incone effects assunption is dictated by the |ack
of incone data, as discussed below. The assunption is inconsistent with
the possibilities that sone durable purchases may be infeasible for
households with sufficiently low incones, or that nmarginal utilities of
expenditure vary by income class (Deaton and Miel | bauer, 1980, pp. 366-69).
And, as a practical matter the inclusion of socioecononc variables seens
to produce nore general nodels which are superior, by statistical criteria
to the nore restrictive conditional logit nodel of choice outlined here
(Hartman 1982, Henscher 1984). Rut in the absence of socioeconom ¢ data
the advantage of the no incone effects conditional logit RUMis ease in
eval uation of the welfare effects of prize or attribute changes (MFadden

1981).

WELFARE ANALYSI S WTH THE BUDGET CONSTRAI NED RUM

If a conditional logit model is enployed to estinate the "no incone
effects" version of the budget constrained utility nodel, Hanemann (1981
1982a, 1982b, 1983) has shown that nonetary neasures of welfare change due
to changes in the level of non-price attributes can be obtained in a
straightforward way. Hanemann's expositionis an inportant extension and

clarification of the welfare nmeasures suggestedby Small and Rosen (1981).
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The critical assunption of the no income effects nodel is that the
di screte goods are sufficiently uninportant that the income effects of a
quality or price change are negligible, 30 the unconditional conpensated
demand function is adequately approxi mated by the unconditional ordinary
demand function. This assunption also requires the conditional margina
utility of incone, av. /3y to be independent of p and 8 (Smal |l and Rosen
1981, Hanemann 1982). Wen all is said and done this turns out to be the
wel | known (and probably unrealistic) assunption of a constant nargina
utility of expenditure (MKenzie 1983, pp. 87-88). This assunption
requires all conditional indirect utility functions to have the form noted
previously in Eq. 12, and the direct utility function nust be additively
separable in the Hcksian nuneraire (MKenzie 1983, p. 88, Hanemann 1982
p. 8).

Under the maintained hypothesis of no income effects, the welfare
effects of a change in the attribute or quality variables can be obtained
via two routes, depending on whether the change is snmall and can be

regarded as marginal or involves a large, non-marginal change.

Margi nal Wl fare Anal ysis

Define the compensating variation, CV, as the offsetting change in
i ncome necessary to nmake an individual as well off after a change in either
prices or quality levels as he was before the change. Formally, in terns
of the expenditure function, letting the O superscript represent the base
situation and the 1 superscript the post-change situation:

CV = e(p!,o',u®) - e(p®,¢°,u°) (21)
where e(+) represents the mnimum expenditure required to reach the stated

utility level, given the quality and prize vector and (p°,9°,u’) =y, the
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i ndi vidual's income.
of

Conmpensating variation can also be defined in terns
the indirect utility function,

v(+) which is the inverse of
expenditure function:

t he
In general:
v(pl, ¢!, y=CV) = v(p®,0%y) = v

or

(22)
vipt,et,y=CV) - u* =0 (23)
Suppose only quality changes

Hol di ng prices constant and inplicitly
differentiating (23)

av( )

_oav(e) av( ) _

sov IV, S e =0 (24)
or

dov _ 3v()/3e  _ 3v( +)/3e

do 3v(«)/3CV ~ 3v(+)/3y

(25)
For sinplicity suppose as before that the 9, 's are scalar quality
i ndi ces,

each associated with its own conditional indirect utility function
71(-). Then applying the chain rule to the general fornulation in (25) for
a change in 9,

acv (3v(+)/3v. ) (3v. /30, )
- 1 1 1 (26)
do, (3v(+)/3v,)(3V,/3y) +...+ (av(-)/33§)<a$&/ay)
i (av(')/avi)(avi/3¢i)
N -
2(3v(+)/3v, ) (3v,/3y)
: 1 1
i=1
Hanemann 1983 enploys the result that in the conditional [ogit nodel
the nonents of the distribution function of the error term are independent
of p, ¢ and y, so the probability of choice i, P, equals av(d/aVi. Then
(26) is:
dcv

do.

P ( avi/8¢i)
N
i 9

e

. 37,/
2 P| av.l 3y

(27)
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Since the "no incone" effects nodel has a?i/ay =8;5/8y for all i, j,
and by definition the sumof the P equals 1, we get:

dov aVi/aq>i
crii S (28)

where x is the negative of the parameter estimate attached to the generic
durabl e good service price variable in the logit nodel and (a?i/a¢iwm S
the marginal rate of substitution between quality and noney, MRS,
conditional on the choice of alternative i. (A simlar result is given by
Hensher and Johnson, 1981 , pp: 243-245).

So, up to a first-order approximation the marginal neasure of the
benefit of a change in @iis:

Qv Hdcv/de, ]¢i=¢? Bo, (29)

Yore generally, if all qualities change simltaneously:

=
=

P.MRS Ao, (30)

Q
%

i=1 i=
where the summation is over N durable choices where the H cksian conposite
I's unaffected by quality changes.

The formula in (30) yields a quick first cut approxinmation to the
benefits of one or nore quality changes, and is particularly easy to
calculate since all it requires are estimates of the initial selection
probabilities, the parameter estimates, and the hypothesized quality
changes. However, a nore accurate welfare measure can be produced which

does not rely on a first order approximation
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Non- Margi nal Vel fare Anal ysis

In the no-incone-effects RUM nodel the demand function for a durable
good was given above in Eq. 9 as x; = Gii'i wher e §; was the utility
maxi m zation discrete choice index: In the RUM nodel the expected val ue of
the discrete choice index is the probability P, that choice i will be
made. The probability P, can also be interpreted as a fractional

consunption rate of the durable:

(D]

(x,) = Pii'i, where x, = 1 (31)

Now, we al so know that Pi equal s 3v( -)/a?.l so again using the chain rule

and follow ng Hanemann 1981:

W) v, av, 3.
- . — =P — (32)

- |
'c)pi avi api Bpi

Simlarly, differentiating the unconditional indirect utility function

with respect to incone, v,

N
avi) _ 7 /AT =
3y =i£1 (3v( )/3vi)( avi/ay) (33)

which, from the no income effects assunption of v,/ 9y = avj/ay can be

witten nore sinply as

N

av(.) _ — _ —
ETa -izzlpiavi/ay = 9v, /3y (34)

Then, from Roy’'s identity we know that the demand equation for any x; is
given by the negative of the ratio of the derivative of the indirect
utility function with respect to p to the derivative with respect toy, or

that :
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_ P 9V, /3p,
P X o= 3v,/ 3y (34.9)
and
3 3?1/3 P,
xi = -~ —av——?—sy—- = 1 (34. b)
so Bvi/ay = - avi/api = A (34.¢c)

Inportantly, (34.c) tells us that with a linear specification of the choice
index in our logit nodel, the negative of the estinated paraneter on the
generic cost variable is an estimate of the marginal utility of expenditure
(Small and Rosen, 1981, p. 126). (This a roundabout way of proving what
I's obvious by inspection of figure 10.1 and Egq. 12 above.) so, if some
measure of the change in the utility index due to a change in any of its
arguments can be found, that change is easily converted into a nonetary
measure using the nodel’s paraneter estimate for i.

In the conditional logit nodel it so happens that the expected val ue
of the consuner’s maxinumutility level (i.e., the expected value of his
indirect utility function) can be recovered from the estimated nodel. It
is a well known result (Ben-Akiva and Lerman 1979, p. 663, MFadden 1982
p. 11, MFadden 1981, p. 222) that the expected value of the maxi mum

indirect utility in the logit nmodel is:

E{max v(+)} = E{max[vl+el,...,vu+sw.7,~s~]} (35)
= E{max[ky*xp1+¢1+sl,...,«/-«pq~3N+sN,Ay+sz’}
= Ay+E{max{~Ap,*0,*€,, ..., "2, "D *Sy s E_1}

i "N N7z
W

Ay+1n(Je T+1)+0.5772
i

where p, is normalized to unity, and the subscript for individuals is

dropped. E {*} denotes the expectation operator, Wi=—xpﬁ+¢i, w%:o so e°=l,
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and 0.5772 is the nean of the standardi zed Type | Extreme Value Error

Distribution (Johnson and Kotz 1970).
i
The expression 1ln(je l+D is the natural |ogarithmof the denom nator

|
of the conditional logit nodel given in Eg. 20 above. Then, with

conpensating variation defined in (22), the utility index defined in (35)

neasured at the base (w;) and post policy (w{) | evel s of price and/or

quality, arguments can be enployed to produce the welfare neasure (Hanemann

1982):

h

v(pt, o', y+CY) = A(y+CV) + 1n(Je “#1) + 0.5772
i

wO

= v(p°,¢%y) = Ay + ln(Je “+1) + 0.5772 (36)
i
S0 w? W}
CV = (1n(Je “+1) = 1n(Je “+1))/A.
i : i

THE DATA FOR THE DI SCRETE CHO CE MCDEL

The Nationw de Boating surveys (U S.D.OT. 1978) were conducted by
t el ephone in 1973 and 1976 by the U S. Coast GQuard in an effort to gather
detailed information on boat ownership and boating accidents. Only the
1976 survey is available on tape, and is the data set used herein

Via a two-stage random cluster sanpling Plan an attenpt was made to

produce a nationally representative probability sanple.10

The survey
procedure involved screening questions to discern between househol ds which
owned and/or operated a boat in 1976 and those which did not. Wi le an
extensive set of followup questions was asked of owner/operator househol ds
identified in the screen, no further information was collected from

househol ds whi ch neither owned nor contained menbers who operated a boat in

1976.
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The screening questions identified the nunber of boats owned by a
household, the nunber of persons in the household participating in
boating, the nunber of boat rentals by the household over the year, and the
number of househol d menbers who operated a boat in 1976. (Participating in
boating was defined as operating, riding in or waterskiing behind a boat.)
O the series of followup questions, nost were concerned with the
characteristics of the boat(s) owned, safety considerations, and accident
experience of owner-operator househol ds. The only soci oeconom ¢ data
collected were the age and occupation of the household s primary boat
oper ator. Notably, the survey did not elicit socioeconom c data on
househol ds wi thout boat operators, and no househol d incone information was
col l ected on any of the househol ds contact ed.

because one of the primary purposes of the survey was to produce
i nformation on boating accidents and total hours of boating exposure to the
possibility of accidents, the only neasure of boating intensity sought was
the amount of tine a boat was operated over the year. No information was
gathered on the amount of tine (recreation days) that any individual boater
or oper at or participated in boating recreation, and such an
i ndi vi dual -specific measure cannot be inferred from any of the boat use
information in the survey. However, it is possible to construct a neasure
of annual boating trips per household, which is enployed in the next
chapter

Finally, the survey did not determ ne where boating activities took
place, nor did it distinguish between marine and freshwater boati ng.
Nonet heless, the survey can be used to create dependent variables for

estimation of a conditional logit nodel of individual durable goods choice.
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Dependent Vari abl es

To use the Coast Cuard Survey data in a conditional logit analysis of
boat durable ownership choices, we identified six categories of durable
goods choice: The first category, non-ownership, includes househol ds which
did not own a boat. The remaining five mutually exclusive categories refer
to boat ownership distinguished by the degree of water contact (snal
versus |arge boats) and the neans of boat propul sion (notor, sail, and
paddl e or oar). For estimation a subsanple of observations was drawn from
the full sanple to econom ze on conputational cost. Only single boat
owni ng househol ds or two-boat households whose primary boat was a |arge
craft were included in our sanples. The nunber and frequency of
observations by choice category are shown in table 10. 1. These nutual Iy
excl usive categories were used to create individual observations in the
Coast @uard Survey in binary dependent variable form the value 1 being
assi gned when an observation belongs to a category and zero otherwise.11

As is common in transport nodel choice analysis, this dependent
variabl e data nust be supplenented by independent variables characterizing
the costs and attributes of each of the choices in the choice set. Because
this information is not available on an individual-specific level, the
construction of state averages for the various capital service prices and
state (or county) averages for the attributes (availability of
boat abl e-qual ity water) is described bel ow This procedure is legitimte
when individual observations are used as dependent variables and all
i ndependent variables are neasured as zonal averages, because consistent
parameter estimates can be obtained, assuming that the independent
variables are symmetrically distributed within each zone (MFadden and Reid

1975).
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Table 10.1. Cbservations by Boat Oanership
Category fromthe Coast Guard Survey

Nunmber of Avail able Percent of Total
(hservat 1 ons Avai |l abl e

Ful | Sanpl e Sub- Sanpl e Ful | Sanpl e Sub- Sanpl e

Cat egory
Non- Oaner shi p 20624 6162 88.76 87.78
Large Power Boat
Owner ship 677 236 2.91 3.36
Large Sail Boat
Owner ship 52 23 0.22 0.33
Smal | Power Boat
Owner ship 1581 485 6.81 6.91
Smal | Sail Boat
Owner ship 82 31 0.35 0.44
Smal | O her
(Canoes, etc.) 221 83 0.95 1.18
Total Available 232372 7020° 100. 00 100. 00
Not es:

a. Net of 449 nultiple boat owning househol ds.

b. Fromthe avail abl e sanpl e of 23237 observations, 4750 were not usable
due to mssing pollution data (residents of Al abama, Florida, GCeorgia,
Indiana, Maryland, Massachusetts, Nevada, New York, and Wst Virginia).
The usabl e sub-sanple of size 7020 represents a systematic draw from
the usabl e sanple of 18487 observations.
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| ndependent Vari abl es.

Wil e inclusion of the capital service price (see Appendix A) as a
generic variable in the choice nodel is dictated by econonic theory, no
such clear guidelines are available for the specification of the relevant
quality or attribute variables belonging in the nodel. However, it is
reasonabl e to suppose that the availability of fresh, marine and G eat
Lakes water sonehow matters for all choices involving boat ownership. The
problemis how to measure availability, and how to incorporate pollution in
t he nodel

As described in chapter 2 it is reasonable to use a physical neasure
of gross county or state freshwater availability (U S. Department of
Commerce 1981) as a proxy for the inpedance to boat ownership arising from
the owner's need to travel to freshwater |ocations where boating can be
enjoyed.12 However, an anal ogous area of water per unit land area measure
of marine or Geat Lakes availability cannot be simlarly defined because
of the vast expanse of these water bodies. Instead, the distance from each
respondent’'s hone, county centroid to the centroid of the closest marine or
G eat Lakes county can be conputed from location information in US
Departnent of Commerce 1979.

These gross availability neasures do not reflect limtations on
boating due to pollution and other reasons. Particularly, boating activity
may be restricted by shallow water, weeds, and commercial sea |anes, not to
mention the lack of availability of boat ranps and narinas. Second,
pol lution may (or nmay not) discourage boat ownership. Nei t her of these
sorts of limtations is easy to quantify, although an attenpt to do so is

reported in Dyson's 1984 survey of state officials included as appendix C
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to chapter 5 above. However a close |ook at these figures suggests they
may not be very reliable.

Restrictions on availability for reasons other than pollution
effectively increase the requisite travel distance. So, our gross
freshwater availability figures can be adjusted downward by the percentage
of water unavailable for boating for reasons other than pollution reported
by Dyson.13 Simlarly, the gross distance to the nearest marine coast for
each individual can be inflated by an area-weighted average of the
non-pol lution limtations for bays, estuaries, and coastal waters reported
by Dyson.14 The Great Lakes distances were not adjusted, because in our
judgement the non-pollution limtation figures in this category given by
Dyson appear inplausible and mutually inconsistent. 1> Wile there is the
possibility that the Dyson data on the percent of water unavailable for
reasons other than pollution is seriously flawed, it seens preferable to
adjust the "gross" freshwater availability and marine distance variables
rather then enploy themdirectly w thout adjustment.

The limtations on availability for pollution-related reasons are also
problematical, first for what they truly neasure and second, how they
should be reflected in the nodel. The pol lution data gathered in the
survey reflect survey respondents subjective inpressions of the anount of
total water in their states which is unsuitable for boating because of
pol [ uti on. Boaters, may not neke the same eval uations or reflect such
evaluations in their behavior. Indeed, they nay not even be deterred in
any way fromowning a boat due to patches of "unsuitable" water, however it
is measured. In this case, the nethod here being expl ored woul d produce

zero benefits of pollution control
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Sone objective characterization of water by class, or quality index,
reflecting observable attributes such as biochemcal oxygen demand
presence of oil slicks, floating debris, algae, odor etc. would be
preferable to these subjective data. Unfortunately, there exists no data
base with conplete national coverage of marine and freshwater that would
permt the construction of such a neasure. Thus, Dyson's data is the best
(only) available, and all nodels reported below are estimated with the
Dyson pollution and non-pollution limtation neasures. Apart from
pollution, there is at |east one environnental variable which one m ght
expect a priori to be particularly relevant to the boat ownership decision,
t he harshness of the weather. The longer the expected boating season, the
nmore attractive the boat ownership option

Finally, nodels enploying the sanme structural specification are
estimated at two levels of spatial aggregation for the freshwater
availability variable - the state and the county - to denonstrate node
sensitivity to independent variable measurenent. The freshwater
availability variable itself is alternatively measured as either square
mles (acres) of water per square mle (acre) of total surface area or in
di stance-proxy formas the square root of the reciprocal the former. Wile
the nodel s are non-nested, the county specification with either freshwater
availability neasure is preferable on a priori grounds.

Table 10.2 defines the cost, availability, pol lution and ot her
envi ronnental variabl es deened rel evant to choi ce. The last colum of
table 10.2 indicates the structure of the estinmated nodels which is
discussed in detail below  Table 10.3 provides sanple means and standard

deviations for the independent variables.



Vari abl e
Namre

HDD

CosT

D ST

ACRE(9)
or

ACRE( Q)

LIMTM

Table 10.2. Independent

Descri ption

Annual heating degree
days, an index of the
extent of negative
departure of the
average tenperature
froma base of 55°F.

An activity-specific
variable in the no own-
ership choice category.

Rental price in 1976

dol lars of boat capita
services nornalized by
a cross-sectional index
of the conposite comuod-
ity price. A generic
vari abl e.

Distance in nmles Prom
each individual’s county
of residence to the

cl osest marine or Geat
Lakes coast.

Square niles (acres) of
fresh water per square
mle (acre) land area

measured at either the
state (S) county (C
level multiplied by
10 for scaling.

I ndexed to individuals
by state of residence

Fraction of narine and
G eat Lakes water area
unavai |l abl e for reasons
other than pollution,

i ndexed to individual’s
destination and boat
choice category. Uses

area-wei ghted average of
the bays, estuaries and

coastal figures reported
in Dyson for narine
wat ers.
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Vari abl es

Hypot hesi zed Ef f ect
a on Probabili tyaof
Sour ce Boat Oanership

DOC 82

Appendi x A

Cal cul ated as
Euclidian dis-
tance based on
origin and
destination
coor di nat es.

DOC 81

Dyson

(-)P

(n.a.)

Model

1,2,3

1,2,3

n. a.

n. a.
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Tabl e 10.2 (continued)

Vari abl e
Nane

LIMTF

ADI ST

AACRE( S)
or

AACRE( Q)
POLMG

POLFR

POLDI ST

Descri ption Sour ce 2
Fraction of freshwater Dyson

area unavail abl e for
reasons other than

pol lution, indexed to

i ndividuals by state of
resi dence.

Li m tation-adj usted n.a
di stance to nearest

avai l abl e marine or

G eat Lakes coast.

Equal to DI ST divided

by (1-LIMTM.

Li m tation-adj ust ed n.a
freshwat er acreage

per unit |and

area

Fraction of total Dyson
marine or Geat

Lakes water area

which is unsuitable
for boating due to
pol l ution, indexed

to individual’s
destination and boat
choi ce category.
Area-wei ghted average
of bays, estuaries

and coastal pollution
reported in Dyson used
for marine waters.

Fraction of total fresh- Dyson
water area which is

pol I uted, indexed to

individual's state

of residence and boat

choi ce category.

Increment to adjusted n. a.
distance to marine or

G eat Lakes coast due

to pollution reasons.

Equal to ADI ST nulti-

plied by POLMG

Hypot hesi zed Effect
on Probability of
Boat O/vnershipa

(n.a.)

(n.a)

(n.a)

Model

n. a.

1,2,3

1,2,3

n. a.

1,2
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10.2 (continued)

Hypot hesi zed Ef f ect

Vari abl e on Probability of

Nare Descri ption Sour ce? Boat Owner shi p& Mbdel

POLACRE(S) Decrenent to adjusted n. a. (-) 1,2
or freshwater acres per

POLACRE(C) unit land area due to

pol lution reasons.
Equal to ACRE nulti-

plied by POLFR
DLP Activity-specific n. a. ? 1,2,3
DLS dummy (D) variabl es
DSP for large power (LP),
DSS | arge sail (LS), small
DC power (SP), snall
sail (SS), or canoe
kayak (C) choices.
PO SSON(S) AARE9 V2 a state N a. (-) 1,2,3
freshwat er distance
pr oxy
POl SSON(C) MACRE(Q) Y2, a na (-) 1,2,3
county freshwater
di stance proxy
POLPA S(S) Increment to state n. a. (-) 1,2
freshwat er distance
proxy due to pollu-
tion, Equal to
PO SSON(S) nulti -
plied by POLFR
POLPA S(C) Increment to county n. a. (-) 1,2
freshwat er distance
proxy due to pol | u-
tion, Equal to
PO SSON(C) nul ti -
plied by POLFR
Not es:
a. The designation n.a. indicates construction of a final variable based on

the internedi ate vari abl es whose sources are indicated.

In estimation this variable appears as an activity-specific continuous
variable in the non-ownership choice category for data-formatting
convenience. The sign of the estimted paraneter should therefore be
positive, indicating that residence in colder climtes increase the
probability of non-ownership.
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C. Model are either the full mdel (1), the environnental model (2) or the
skeptical nodel (3) discussed in the text. The designation n.a. indicates
an intermediate variable enployed in the construction of variables
ultimately used in estimation under Mdel colum.

Sour ces:

DOC 81: U.S. Departnent of Commerce, Bureau of the Census. 1981. 1980
State/ County Area Measurenent, (unpublished data).

DOC 82: U S. Departnent of Commerce, Bureau of the Census. 1982, Statistical
Abstract of the United States. 103rd. ed., Wshington, D.C., GO

Dyson: Panela J. Dyson. 1984, Recreational \Water Availability in the United
States, Washington, D.C.: Resources for the Future. Appendix 5.Cin this
report.
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Table 10.3. Variahle Statistics

Sanmpl e St andar d
Vari abl e2 Mean Devi ati on
HDD 5356. 75 2176. 07
COST, Large Power 3373.08 262. 59
COST, Large Sail 7704. 40 601. 07
COST, Snmal | Power 661. 29 51. 46
COST, Small Sail 539. 84 41. 83
COsT, Canoes 70. 83 5.54
ADI ST, Large Boats 183.73 206. 01
ADI ST, Snmal| Boats 187.41 215.05
AACRE(S), Large Boats 1943. 37 1543. 50
AACRE(S), Small Boats 2097.78 1497. 21
AACRE(C), Large Boats 2121. 05 2917. 03
AACRE(C), Small Boats 2260 30 2953. 52
POLDI ST, Large Boats 0.12 0.27
POLDI ST, Small Boats 2.82 7.74
POLACRE(S), Large Boats 59.21 150. 56
POLACRE(S), Snall Boats 83.76 154. 16
POLACRE(C), Large Boats 57.21 206. 93
POLACRE(C), Snall Boats 83.23 227.81
PO SSON(S), Large Boats 8.81 3.53
PO SSON(S), Small Boats 8.11 2.72
PO SSON(C), Large Boats 15.81 33.78
PO SSON(C), Smal| Boats 14. 57 31.83
POLPOLS(S), Large Boats 0.20 0.32
POLPO S(S), Small Boats 0.35 0.60
POLPO S(C), Large Boats 0.30 0.65
POLPO S(C), Small Boats 0 61 2.02
Not e:

a. An Sin parenthesis designates the state | evel of variable neasurenent,
and a C the county |evel.
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Mbdel Specification: The Role of Pollution and O her |ssues

There are at |east two possible hypotheses on the influence of
freshwater and marine pollution on the desirability of boat ownership: The
envi ronmental i st position regards the existence of pollution as effectively
wi t hdrawi ng water fromthe usable for boating category, so pollution
reductions are hypothesized to have the same positive effect on the demand
for the boat durable that the creation of new inpoundments would have. At
the opposite extreme, a skeptical position would maintain that pollution
has no effect whatsoever on the desirability of boat ownership, other
things equal .

A nore bal anced approach to the question would admt that pollution
may or may not affect the utility of some or all boat purchase options.
This neutral view treats the role of pollution as a statistically testable
hypot hesis by formng a nore general conditional |ogit choice node
specification than either the environmentalist or skeptical views would
admt. Unfortunately, while the validity of either of the narrow positions
vis-a-vis the general nodel can be tested statistically, the possibility
exists that the restrictions of the null hypotheses of both of the narrow
model s may not be rejected in separate tests against the full nodel. The
conundrum raised by the possibility of two plausible but non-nested narrow
model s is in general irreconcilable.

Wiile the narrow nodel with the highest |ikelihood function value can
be taken to represent the preferred specification, (Aremiya 1981), this
model discrimnation criterion (variously labelled the Sargan test or

Akai ke's Information Criterion) is not really a statistical test with known
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properties. Rather, it should be successful “on average” presum ng one of
the models in the conparison set is indeed the true nodel

To dermonstrate how this situation arises, assunme a linear
specification of the utility index v, and represent freshwater availability
as Q distance to the nearest coastline as D, the fraction of water area
pol luted as PQ the fraction of marine water polluted as Py and let all
other influences on the choice index (cost, etc.) be collapsed for
sinplicity into an augnented intercept, K Then the choice index in the
general model is

Vi =Ko+ 3.(Q)) + 8.(Q 0P ) + 8,(D,) + 3,(D -P) (37)
where 3, > 0, B8, B3, 8, < 0. In this representation pollution increases
the expected distance of travel to the recreation destination or, otherw se

16 The

said, the travel-associated cost of boat ownership and use.
envi ronnental i st nodel hypot hesi zes that 3, = -8, and 8, = 8, while the
skepti cal model restricts 3, - 8, = 0. Qoviously, then, the
environmental i st and skeptical nobdels are non-nested, and the forner in
effect "guarantees” a benefit from pollution reductions if the paraneters
of the reduced nodel are significant and properly signed.17 Finally, in
addition to the way freshwater availability is measured (acres per acre of
land or the negative square rooting thereof) and the way pollution enters
the nodel, two other specification issues remain.

The first is whether the parameters attached to freshwater
availability, distance, and the pollution variables are constrained to be
the sane across boat ownership choices or are allowed to vary according to
say, boat size (large versus small). The fornmer nodel is a restricted

version of the latter, and we estimate both bel ow, where nodels allow ng

parameter variation across choice categories are referred to as the Ceneral
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nmodel s and those hypot hesi zing parameter equality are referred to as
Restricted nodels. Wthin either class, environnentalist, skeptic or ful
model s defining the role of pollution can be estinated.

The second issue is whether or not a nationally representative
"average" indirect wutility function can legitimately be hypothesized,
especially when there is reason to believe that preferences nmay well be
regionally differentiated in sone systematic way which cannot be captured
by continuous variables measuring the socioecononic attributes of
individuals. Wen this additional conplication is introduced on top of the
model specification issues previously discussed an obvi ous conbinatoria
probl em exists, exploding the nunber of potentially estinmable nodels, But,
because our principal goal is national benefit estination, attention is
confined to nodels which nmaintain a nationally shared representative or
average indirect utility function

The acconpanying flow chart of figure 10.4 outlines the alternative
model specifications and the legitimate (nested) hypothesis testing paths
As mentioned above, for purposes of economy some specifications
especially those unlikely to provide positive benefits, were not estinated.
Mbdel s are nunmbered to key to the tables that follow where an (S) follow ng
a nodel nunber indicates that the state |evel of neasurenent was used for

freshwater availability and a (C) indicates county measures

EMPIRICAL RESULTS:  BOAT DURABLE CHO CE MODELS

Based on a systematic subsanple of size 7020 drawn from the ful
sanpl e of usable observations, various six-choice conditional logit nodels
can be estimated to explain the allocation of observations by choice

category observed in table 10.1 above.
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The estimated parameters of the alternative choice nodels appear in tables
10. 4 through 10.7. Ful | and Environnentalist specifications of the
National General nodel which permt parameter inequality for availability,
distance and pollution variables across large and small boat choice
categories appears in table 10.4. There, freshwater availability is
measured at the state or county level as acres per surface acre. Tabl e
10.5 presents the same General nodel specifications, but  measures
availability as the negative square root of acres per acre at the state or
county level of measurenent follow ng the argunent in Vaughan and Russell
1984. Tables 10.6 and 10.7 present Full, Skeptic and Environmentali st
specifications of the Restricted National nodels which force paraneter
equality across large and snall boat categories in response to distance to
marine or Geat Lakes coastline, freshwater availability, and pollution.
Table 10.6 uses state or county freshwater acres per surface acre to
measure availability, and table 10.7 uses the negative square root
transform

As these tables are extensive a discussion of specific paraneter

18 However somne

estimates for each nmodel would be unreasonably tedious.
general patterns are obvious in the national nodels. First every model
produces significant negative paraneter estimtes consistent with prior
expectations for the capital service price variable. Second, the distance
to marine or Great Lakes coastline variable is never significant at
conventional |y accepted | evels in any of the nmodels, while the freshwater
availability neasures often (but not always - see nodels 18, 19 and 20)
are. Mreover, only tw of the eight Full nodels (3,7) produce significant

coefficients on any pollution variables, and these on the freshwater

acreage are not available for large boating due to pollution when county

(not state) availability data is used. This result, given the overwhel mng



Tabl e 10.4.

Ceneral National Choice Mdels:

(absol ute value of

Acres Freshwater
for Acre Surface Area Availability Proxy

"t* statistic)

in parenthesis

Vari abl e State Level Freshwater Acres County Level Freshwater Acres
(S)=State, (C)=County Ful | Environnental i st Ful | Envi ronnental i st
Large=Big Boat Small=Snall Boat 1 2 3 4
DLP 0.00009751 0. 00009658 0.0001313 0.00012826
(0.1674) (0.1683) (0.189) (0.191)
DLS 1. 860956 1. 804828 2.112697 1.991418
(5.88) (5.98) (7.07) (6.83)
DSP -2.206553 -2.26989 -2.144618 -2.145823
(18.70) (20.32) (20.77) (21.48)
DSS -5.07985 -5.1418 -5.0254 -5.0233
(24.13) (24.84) (24.74) (24.95)
DC -4.57084 -4.6275 -4.5447 -4.53003
(28.13) (30.02) (29.93) (30.42)
COST -0.00101676 -0.0010044 -0.0010783 -0. 0010507
(20.47) (22.71) (25.22) (26.25)
ADI ST, Large -0. 00030236 -0.0003796% -0. 0002266 -0.00031988%
(0.8577) (1.099) (0.665) (0.94)
ADI ST, Smal | -0. 00001501 0.00002958"% -0. 00009604 -0.000109195%
(0.061) (0.141) (0. 409) (0.54)
POLDI ST, Large -0.008512 -0.0003796% 0.066131 -0.00031988%
(0-0337) — (0.270) -
POLDI ST, Smal | -0. 0002384 0.00002958% -0.0011984 -0.000109195%
(0.035) -— (0.178) —
AACRE(S), Large 0. 00006533 0.00002050% .
(1.099) (0. 447)
AACRE(S), Small +0. 0000815 0.0001144% .o
(2.155) (3.74)
AACRE(C), Large cee ses 0.000093676 0.00004443%
(3.847) (2.28)
AACRE(C), Small vee . 0.000030082 0.00003878%
(1.602) (2.88)
POLACRE(S), Large -0. 00063139 -0.000020504

(1. 056)

GgeE-0lL



Table 10.4 (continued)

Vari abl e State Level Freshwater Acres County Level Freshwater Acres

(S)=State, (C)=County Ful | Environnental i st Ful | Environnental i st

Large=Big Boat Small=Small Boat 1 2 3 4

POLCARE(S), Smal | +0. 000367 -0.0001144" . .
(1.086) -

POLACRE(C), Large vee e ig.gg324123 ~0.00004443%

POLACRE(C), Smal | .e -0. 00009239 -0.00003878

(0.4124) _—

HDD -0.00002277 -0. 00002633 -0. 00004662 -0. 00004205
(1.22) (1.48) (2.72) (2.54)

N of OBS 7020 7020 7020 7020

Log L -3554. 54 - 3556. 29 -3552. 18 -35457. 28

Not e:

a. Paraneter constrained.

9¢-01



Table 10.5. General National Choice Mdels: Negative Square Hoot Transform

of Acres Freshwater Per Acre Surface Area Availability Proxy

(absolute value of "t" statistic) in parenthesis

Vari abl e State Distance Transform County Distance Transform
(S)=State, (C)=County Ful | Environnent al i st Ful | Envi ronment al i st
Large=Large Boat
S=Snal | Boat 5 6 7 8
DLP 0. 0000999 0. 0000941 0. 00013464 0.0001328
(0.16) (0.14) (0.22) (0.20)
DLS 1. 384502 1.390924 1. 867755 1.883218
(4.11) (4.16) (6.46) (6.54)
DSP -1.631063 -1.719230 -2.058567 -2.045076
(8.62) (9.4377) (20.24) (20.61)
DSS -4, 4893 -4.578003 -4,932221 -4.919467
(17.39) (18.53) (24.37) (24.45)
DC -3.9222 -4.012853 -4, 423430 -4.413640
(17.54) (19.17) (29.25) (29.49)
CosT -0.0008928 -0.0008963 -0.0010199 -0.0010257
(14.90) (15.12) (25.99) (24.40)
ADI ST, Large -0. 0002364 -0.0002577% -0.0003622 ~0.0004207"
(0.68) (0.74) (1.05) (1.23)
ADI ST, Smal | 0.00008898 0.0000571" -0. 0001180 -0.0000968%
(0.36) (0. 26) (0.51) (0.48)
POLDI ST, Large -0.034399 -0.0002577% -0.08210 -0.0004207%
(0.14) - (0.32) -~
POLDI ST, Snall -0.001084 0.0000571% -0. 0002087 -0.0000968%
(0.16) - (0.03) -
PO SSON(S), Large -0.037084 -0.0429711* . “es
(1.95) (2.33)
PO SSON(S), Smal | -0. 06591 -0.0502218% ces
(3.23) (2.92)
PO SSON(C), Large .ee eae 0. 0008001 0.0004042%
(0.37) (0.17)
PO SSON(C), Snal | -0. 0046934 -0.003993%
(1.67) (1.70)
POLPOTS(S), Large -0.27614 0. 0429711

(1.33) -

LE-OL



Table 10.5 (continued)

Vari abl e State Distance Transform County Distance Transform
(S)=State, (C)=County Ful | Envi ronnmental i st Ful | Envi ronnent al i st
Large=Large Boat
S=Snal | Boat 5 6 7 8
POLPO S(S), Smal | 0.07709 -0.0502218% cea cea
(0.96) -
POLPO S(C), Large -0. 122097 0.0001.042a
(1.14) —
POLPO S(C), Smal | - . 0.0108634 -0.003993%
(0.43) _—
HDD -0. 00002931 -0. 0000320 -0.00004870 -0. 0000465
(1.64) (1.88) (2.86) (2.80)
N of OBS 7020 7020 7020 7020
Log L -3553. 90 - 3556. 03 - 3559. 89 - 3560. 92

Not es:
a. Restricted

8¢€-01



Table 10.6. Restricted National Choice Mdels: Acres Freshwater
Per Acre Surface Area Availability Masure
(absolute value of “t” statistic) in parenthesis
Variabl e State Level Freshwater Acres County Level Freshwater Acre
(S)=State Ful | Skeptic Envi ronnment al i st Ful'l Skeptic Environment al i st
() =County 9 10 11 12 13 14
DLP 0.0001218 0.0001247 0.0001229 0. 0001597 0.0001598 0.0001585
(0.19) (0.19) (0.19) (0.22) (0.23) (0.22)
DLS 1. 986776 2.011477 2.027448 2.052774 2.006116 2.015642
(6.93) (7.19) (7.24) (7.25) (7.17) (7.20)
DSP -2.127185 -2.142159 -2.151174 -2.158115 -2.133644 -2.138577
(21.21) (23.20) (23.04) (22.42) (23.12) (23.08)
DSS -5.004243 -5. 019854 -5.029469 -5.037300 -5.011302 -5.016631
(24.74) (25.34) (25.32) (25.17) (22.30) (25.30)
DC -4.509563 -4.528054 -4.539538 -4.550507 -4.519191 -4, 525595
(29.33) (30.98) (30.85) (30.38) (30.91) (30.88)
CosT -0.0010476 -0.0010536 -0. 0010574 -0.0010647 -0.0010536 -0.0010558
(27.54) (30.08) (29.95) (29.11) (29.92) (29.91)
ADI ST -0.0001045 -0. 0000909 -0.0000827 -0.0001445 -0.0001680 -0.0001623
(0.51) (0.49) (0. 45) (0.73) (0.93) (0.91)
POLDI ST 0.0000214 o? -0.0000827% -0.0007729  ©o* -0.0001623%
(0.00) - -- (0.12) .- -
AACRE( S) 0. 0000737 0.0000820 0.0000864
(2.23) (3.23) (3.18)
POLACRE( S) 0.0001191 o* -0.0000864>
(0.39) - -
AACRE( C) 0. 0000504  0.0000376 0. 0000405
(3.26) (3.43) (3.49)
POLACRE( C) -0.0002274 o* -0.0000405"
(1.15) -- -
HDD -0. 0000229 -0. 0000245 -0.0000261 -0.0000453 -0.0000418 -3.0000423
(1.23) (1.36) (1.47) (2.67) (2.52) (2.56)
N of OBS 7020 7020 7020 7020 7020 7020
Log L -3558. 01 -3558. 14 -3558. 24 -3557.02 -3557.74 -3557. 57
Not e:

a.

Paramet er constrai ned.

6€-0L



Table 10.7. Restricted National Choice Mdels: Negative Square Root Transform or Acres
Freshwater Per Acre Surface Area Availability Proxy
(absolute value of "t" statistic) in parenthesis

Vari abl e State Level Freshwater Di stance Proxy County Level Freshwater Di stance Proxy
(S)=State Ful | Skeptic Environnental i st Ful'l Skeptic Environnental i st
(C)=Count y 15 16 17 18 19 20
DLP 0.0001152 0.0001168 0.0001206 0.0001487 0.0001573 0.0001493
(0.17) (0.17) (0.18) (0.21) (0.23) (0.21)
DLS 1.344182 1. 358160 1. 409929 1.887283 1. 886559 1.889187
(4.22) (4.31) (4.53) (6.71) (6.72) (6.73)
DSP -1.703918 -1.708847 -1.735816 -2. 055872 -2.053815 -2.053510
(12.52) (12.74) (13.28) (21.77) (21. 94) (21.94)
DSS -4.560985 -4.566266 -4.594929 -4.930071 -4,927894 -4.927760
(20. 35) (20. 50) (20. 84) (24.75) (24.79) (24.79)
DC -3.989196 -3.996140 -4.031055 -4.424150 -4, 422061 -4, 422031
(20. 85) (21.13) (21.76) (29. 88) (29.98) (29.98)
COST -0. 0008830 -0. 0008865 -0. 0008996 -0.0010256 -0.0010256 -0.0010260
(16. 47) (16.92) (17.76) (28.39) (28.48) (28. 55)
ADI ST -0. 0000352 -0. 0000284 -0. 0000310 -0.0002050 -0.0001925 -0.0001864
(0.17) (0. 15) (0. 16) (1.04) (1.07) (1.04)
POLDI ST 0. 0003227 0 -0.0000310% 0.0012240 0% ~0.0001864%
(0. 05) - - (0.18) - -
PO SSON( S) -0. 0528105 -0.0514959 -0. 0466445 .
(3.62) (3.71) (3.60)
POLPO S(S) 0. 0234104 0* ~0.0466545"
(0.31) - -
PO SSON (C) -0.0023841 -0.0023779 -0.0023272
(1.32) (1.36) (1.37)
POLPO S( ) -0.0015744  o* -0.0023272%
(0. 06) -
HDD -0. 0000297 -0. 0000305 -0. 0000330 -0.0000474 -0.0000470 -0.0000471
(1.71) (1. 80) (1.96) (2.82) (2.83) (2.84)
N of OBS 7020 7020 7020 7020 7020 7020
LOG L - 3555. 88 -355.98 - 3556. 34 -3561. 95 -3562. 03 -3561. 98
Not es:

a. Paraneter

const rai ned.

07-01L
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evi dence el sewhere, might be sonmething of an artifact because the fraction
polluted information itself is neasured at the state, not the county,
| evel . From these results one might conjecture, that, given the data (at
least if a nationally representative indirect utility function hypothesis
is maintained) it is freshwater availability, not distance to Marine or
Geat Lakes coastline, that appears to have the stronger influence on boat
ownership, and pollution hardly seens to matter. 1°

These observations raise the question of how the paranmeter
restrictions of the nodels outlined in figure 10.4 can be tested
statistically. This is a problem of sequential hypothesis testing and
there are two routes which could be followed. Recall that we have the set
of restrictions involved in the General versus Restricted specifications
and the set of restrictions involved in the Full versus Environnentali st
specifications (for the noment ignoring the Skeptic nodel and the question
of regionally differentiated versus nationally shared indirect utility
functions). The testing sequence under those conditions is dianond-shaped,
as indicated in figure 10.5.

One can either followthe two-step route H=A H,=B and, if the
restrictions of B cannot be rejected, test H =B H;=D or go down the other
side of the tree and test H=A, H=C first and, if H=C cannot be rejected,
test H=C, H,=D in a second step. Naturally, the simultaneous test of A

versus D can be performed as well.
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Figure 10.5. Sequential and Simultaneous Tests of Parameter Restrictions

‘“.
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Zero paraneter restrictions inplied by the null hypothesis of either
B, C or Dmy bDbe tested by the likelihood ratio procedure, defining
LR as -2inix = 2(InL;-1nL,) where »is the ratio of the maxim zed |ikelihood
function under the null hypothesis, L, to the unconstrained maxim zed
l'i kel'i hood function L. This statistic is asynptotically distributed as
chi-square with n degrees of freedom n being the nunber of restrictions
i nposed to define the null hypothesis: In performing a sequential test, to
keep the significance level « of the overall famly of n statements in line
with the significance |evel of the simultaneous test of H,=A versus H,=D,
the significance levels of the individual test statistics aiin t he

sequence of tests (n=2) nmust be scal ed such that,ﬁ=a/n. (See MIler 1966
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for a discussion of this procedure, which is based on the Bonferroni
inequality). The results of the tests for the various specifications using
alternative definitions of the freshwater availability nmeasure appear in
table 10.8, where the overall error rate ais set at 0.05

The results of the sequential | eft - branch, right branch and
simul taneous tests all lead to an inability to reject the restricted
environnental i st nodel specification, however the freshwater availability
variable is neasured. G ven this conclusion, how would the Restricted
Skeptic nmodel fare in position D vis-a-vis the General nodel in position A
assumng a common national utility function?  The answer, performng a
sinul taneous rather than sequential test, is that the null hypothesis of
the Restricted Skeptic cannot be rejected at the 5 percent level either, as
shown in table 10.9. This result nakes it inpossible to discrinmnate
bet ween the non-nested Skeptic and Environnentalist specifications, a
disquieting but not unexpected result. Recogni zing that the benefits of
water pollution control accruing to new boaters have a defensible |ower
bound of zero (the Skeptic nodels) the range of positive benefits are
obtai ned fromthe various Environnentalist specifications (nodels 11, 14,

17 and 20) in the next section

WELFARE ESTI MATES FROM THE ECONOMETRI C RUM S

To derive noney metric estimates of the utility change of, say,
bringing all water currently unsuitable for boating for pollution-related
reasons up to boatable quality, either a marginal (Eg. 30) or non-nargina
(Eg. 35) conpensating variation neasure can be calcul ated. The benefit
nmeasures thus produced measure only that portion of the total benefit

attributable to incremental changes in the utility boat durable ownership,
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Table 10.8. Sequential Hypotheses Tests and a Sinultaneous Test
Left Branch Sequence
1.  First Test, A versus B, critical x* for a=.025, n¥4 is 11.143
Freshwat er

Avail ability
Vari abl e H, H, ~21nAi Deci sion

State, Acres/

Acre Model 1 Model 9 6. 94 Accept H,
County, Acres/
Acre Model 3 Model 12 9.68 Accept H,
State, (Acres/
Acre) -1/2 Model 5 Mbdel 15 3.96 Accept H,
County, (Acres/
Acre) " 1/2 Model 7 Mbdel 18 4.12 Accept H,

2. Second Test, B versus D, Critical x* for « = .025, m= 2 is 7.378

Freshwat er
Avail ability
Vari abl e H, H, ~21ni Deci si on

State, Acres/

Acre Model 9 Mdel 11 0.46 Accept H,
County, Acres/
Acre Model 12 Model 14 1.10 Accept H,
State, (Acres/
Acre) 12 Mbdel 15 Model 17 0.92 Accept H,

County, (Acres/

“1/2
)

Acre Model 18 Model 20 0.06 Accept H,
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Tabl e 10.8 (conti nued)

[l.  Right Branch Sequence
1. First Test, A versus C, Critical x* for a=.025, ne4 is 11.143

Freshwat er
Avail ability
Vari abl e H, H, =21ni Deci sion

State, Acres/

Acre Model 1 Model 2 3.50 Accept H,
County, Acres/
Acre Model 3 Model 4 10. 20 Accept H,
State, (Acres/
Acre) -1/2 Model 5 Model 6 4.26 Accept H,
County, (Acres/
Acre) 12 Model 7 Model 8 2.06 Accept H,

2. Second Test, C versus D, Critical x* for @ = .025 m=2is 7.378
Freshwat er
Avail ability
Variabl e H, H, -21ni Deci si on

State, Acres

Acre Model 2 Model 11 3.90 Accept H,
County, Acres/
Acre Model 4 Model 14 0.58 Accept H,
State, (Acres/
Acre) -1/2 Model 6 Model 17 2.20 Accept H,

County, (Acres/
Acre) -1/ 2 Model 8 Model 20 2.46 Accept H,
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Tabl e 10.8 (continued)

[11: Si mul t aneous Test, A versus D, Critical x* for «=0.05, n=6 is 12.592

Freshwat er
Avail ability
Vari abl e H, H, =21n) Deci si on

State, Acres

Acre Model 1 Model 11 7.40 Accept H,
County, Acres/
Acre Model 3 Model 14 10.78 Accept H,
State, (acres/
Acre)-ll2 Model 5 Model 17 4.88 Accept H,
County, (Acres/

-1/2

Acre) Model 7 Model 20 4.18 Accept H,
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Table 10.9. Simultaneous Test of General Full Versus Restricted Skeptic Mdels
(Critical x? for «=.05, mF6 is 12.592)

Freshwat er
Availability
Vari abl e H, H, =21lna Deci si on

State, Acres/

Acre Model 1 Model 10 7.20 Accept H,
County, Acres/
Acre Model 3 Model 13 11.12 Accept H,
State, (Acres/
Acre)'ll2 Mbdel 5 Model 16 4.16 Accept H,
County, (Acres/

-1/2

Acre) Model 7 Model 19 4.28 Accept H,
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not the portion attributable to increased utility of boat services anong
exi sting durabl e good owners.

Because such a snall portion of all water is unsuitable for boating
due to pollution (roughly 3 percent), the marginal and non-marginal benefit
measures should be nearly equivalent.

In fact they are. To denobnstrate, the pre and post policy val ues of
the variables affected by water pollution control appear in table 10.10.
Usi ng these values, along with the sanple neans of the other variables,
produces the non-marginalist calculations, an exanple of which appears in
tabl e 10.11, where nodel 17 is evaluated. This table dermonstrates that the
policy marginally increases the utility of boat ownership relative to
non-ownership, which translates into a slight fall in the predicted
probability of non-ownership. The benefit of making all water (fresh
marine and Great Lakes) boatable is $1.92 per household (note CV is always
negative for welfare inprovements, but we report the absolute value of CV
this being understood). Cbviously, the non-marginalist calculations, while
straightforward, are rather tedious. Performing the marginalist
calculation, again for nodel 17, is quick and sinple. The procedure is
demonstrated in table 10.12, where for convenience the sanple class
frequencies are wused in lieu of the predicted choice category
probabilities. The total benefit of conplete freshwater, Great Lakes and
marine cleanup is again $1.92 per household, where the two conponents,
freshwater and marine/Geat Lakes, are additive due to the path
i ndependence of the conpensating variation nmeasure.

Cal cul ations identical to those of the table 10.12 exanple made for
the other three environnentalist nodels (11, 14, and 20) produce the per

househol d and national boat ownership benefit estimtes of conplete cleanup
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Table 10.10. Pre and Post \Water Pollution Control Sanple Man
Val ues of Variables Affected by Conplete O eanup Policy

Sanpl e Means of Vari abl es

Vari abl es Affected

Model 2 By Policy Pre Policy Post Policy
11 AACRE(S), Large Boats 1943. 37 1943. 37
AACRE(S), Snall Boats 2097.78 2097.78
POLACRE(S), Large Boats 59.21 0
POLACRE(S), Small Boats 83.76 0
ADI ST, Large Boats 183. 73 183. 73
ADI ST, Small Boats 187. 41 187. 41
POLDI ST, Large Boats 0.12 0
POLDI ST, Snal| Boats 2.82 0
14 AACRE(C), Large Boats 2121.05 2121.05
AACRE(C), Snull Boats 2260. 30 2260. 30
POLACRE(C), Large Boats 57.21 0
POLACRE(C), Small Boats 83. 23 0
17 PO SSON(S), Large Boats 8.81 8.81
PO SSON(S), Small Boats 8.11 8.11
POLPO S(S), Large Boats 0.20 0
POLPO S(S), Snall Boats 0.35 0
20 PO SSON(C), Large Boats 15. 81 15. 81
PO SSON(C), Small Boats 14.57 14.57
POLPO S(C), Large Boats 0. 30 0
POLPO S(C), Small Boats 0.61 0
Not e:

a. Models 14, 17, and 20 have the same sanple nmeans for ADI ST and POLDI ST
as those reported for Mdel 11, so these values are not repeated:



Table 10.11. Exanple Non-Marginal Wlfare Change and Probability Calculation,

Model 17, Environnentalist, (ACREACRE)"”z, State Data

09-0L

Sanpl e Product of Cat egory Predi ct ed
Choi ce Mean of a Par anet ef) Sanpl e Mean exp(S Productc), Probability
Cat egory Vari abl e Vari abl e Estimte and Paraneter Pre and Post Pre and Post
NO OMN HDD 5356. 75 -0.33(E-4) -0. 176896
Total Pre -0.176896 0. 837867 0. 879765
Post-0. 176896 0. 837867 0.878248
LARGE POVER cosT 3373. 08 -0.90(E-3) -0.034534
ADI ST 183.73 -0.31(E-4) -0. 005696
POLDI ST 0.12 -0.31(E-4) (-0.000004)
PO SSON(S) 8.81 -0.47(E-1) -0. 410999
POLPO S( S) 0.20 -0.47(E-1) (-0.009146)
DLP . 0.12(E-3) 0. 120658
Total Pre 37460259 0.031422 0.032993
Post - 3. 451109 0.031710 0.033238
LARGE SAI L CoST 7704. 40 0. 90(E- 3) -6.931135
ADI ST 183.73 0.31(E-4) -0. 005696
POLDI ST 0.12 0.31(E-4) (-0.000004)
POl SSON( S) 8.81 0.47(E-1) -0. 410999
POLPO S( S) 0.20 -0.47(E-1) (-0.009146)
DLS - 1.41 1.409929
Total Pre -5.947050 0.002614 0. 002745
Post - 5. 937901 0.002638 0. 002765
SMALL POVER COosT 661. 29 0.90(E-3) -0.594922
ADI ST 187. 41 0.31(E-4) -0. 005810
POLDI STD 2.82 0.31(E-4) (-0.000087)
POl SSON( S) 8.11 0.47(E-1) -0.378162
POLPO S( S) 0.20 -0.47(E-1) (-0.016328)
DsP 1.73 1. 735816
Total Pre -2.731126 0.065146 0.068404
Post-2. 714711 0.066224 0. 069416
SMALL SAIL COosT 539. 84 0.90(e-3) - 0. 485660
ADI ST 187. 41 0.31(E-4) -0. 005810
POLDI ST 2.82 0.3l (E-4) (-0.000087)
POl SSON( S) 8.11 0.47(E-1) -0. 378162
POLPO S 0.20 -0.47(E-1) (-0.016328)
DSS 4.59 -4.594929
Total Pre -5.480977 0. 004165 0.004373
Post - 5. 464561 0.004234 0.004438
CANCE COST 70. 83 0.90(E-3) -0.063723
ADI ST 187. 41 0.31(E-4) -0. 005810
POLDI ST 2.82 0.31(E-4) (-0.000087)
POl SSON( S) 8.11 0.47(E-1) -0. 378162
POLPO S( S) 0.20 -0.47(E-1) (-0.016328)
DC -4.03 -4.031055
Total Pre ~4.495165 0.011163 0.011721
Post-4.478750 0.011348 0.011895
Gand Total Pre -0.952376 1. 000000
Post - 0. 954021 1. 000000

Conpensating Variation (cv)® = (I'n 0.952376-1n 0.954021)/0.0009 = -$1.92.

Not es:
a. Fromtable 3. X
b. Fromtable 7. Factor in parenthesis represents 10 .
¢. Conponents may not add to totals due to rounding. Values in parenthesis set to zero for post-policy evaluation.
d. Ratio of Category Total to Gand Total from preceding colum. See fornula (20) in the text.
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Tabl e 10.12. Exanpl e Marginal Wl fare Change Cal cul ation, Mdel 17,

Envi ronment al i st ( ACRE/ ACRE) l/, 2State Data

Change in Proxy

Choi ce Probability b for Expect edC cv =
Cat egory Pi I\/RSi Distance,Aq;i 1 -MRSiAcbi
FRESHWATER
NO OMN 0.8778 0 0 0
LARGE POAER 0. 0336 -51. 85 0.20 -0.34
LARGE SAIL 0.0033 -51.85 0. 20 -0.03
SMALL POWER 0. 0691 -51. 85 0.35 -1.25
SMALL SAIL 0. 0044 -51.85 0.35 -0.08
CANCE 0.0118 -51. 85 0.35 -0.21
SUBTOTAL (-1.91)
[1.  MARI NE/ GREAT LAKES
NO OMN 0.8778 0 0 0
LARGE PONER 0.0336 -0.03 0.12 -0. 0001
LARGE SAIL 0.0033 -0.03 0.12 =
SMALL PONER 0. 0691 -0.03 2.82 -0. 0067
SMALL SAIL 0. 0044 -0.03 2.82 -0. 0004
CANCE 0.0118 -0.03 2.82 -0. 0012
SUBTOTAL (-0.0084)
[11. GRAND TOTAL $-1.92

Not es:

a. Mean Sanpl e Frequencies.

b. Marginal utility of expenditure, A is the negative of the estimted
boat cost paraneter, -0.0008996 (t statistic = 17.76), Change in utility for a
decrease in the travel distance proxy (Acres/Acre)” 2 que to pol lution control
is the estinmated paraneter on the distance proxy, -0.0466445 (t statistic =
3.60) so:

-0. 0466445/ 0. 0008896

MRS, = (aVi/acb. )/ A
1 -51.85

c. Pre-policy values of pollution fraction (which differs by boat size
category, 2% for large boats, 4% for small boats) times negative square root of
freshwater acres per acre surface area. Sanple nean values from table 10.10.
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reported in table 10.13. Fromthis table we observe that nodel specification
di fferences cause a wide variation (a factor of 10 from|owest to highest) in
the benefit estimates, naking it difficult to choose a best estimte when al
specifications are non-nested and pl ausi bl e. Second, whatever the
specification, it appears the benefits of marine cleanup are low relative to
freshwater cleanup, being at the nost 22 percent of the latter and at the
least, negligible. Finally, the total magnitude of the national ownership
benefit is snmall, which is not an unreasonable result considering the margina
nature of the inprovenent and the essentially footloose nature of boating.
Being an inherently nobile pursuit, the ability to avoid patches of pollution
is an attribute of boating by definition, perhaps dimnishing the inportance of
pol lution considerations in the purchase decision

To sum up, unless large pollution control benefits can be uncovered which
accrue to the existing universe of boat owners and boat renters over and above
the benefits which accrue fromthe increased utility of new ownership, the
overal |l national boating benefits of water pollution control are not likely to
be as large as, say the fishing benefits. Mking this conjecture even nore
plausible is the fact that some fishing and hunting related benefits are
already captured in the totals reported above, which pertain to boat ownership
for all purposes, including fishing and hunting as well as pleasure cruising.

The next chapter investigates other possible sources of benefits,
particularly the benefits of cleaner water accruing to existing boat owners.
The results in that chapter suggest that these sources are relatively mnor,

given the data enployed for benefit estimation
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Table 10.13. The Per Household and National New Oanership Benefits
of Attaining Boatable Quality Water from 1976 Pollution Levels

Benefits®
Restricted Environmentali st
Model Freshwat er Mar i ne Tot al
11. State, Acres/Acre
Per Househol d (1976 doll ars) 0.75 0.02 0.77
National (million 1976 dollars) 60. 00 1.60 61. 60
National (million 1983 dollars) 102. 60 2.74 105. 34
14.  County, Acres/Acre
Per Househol d (1976 doll ars) 0.35 0.04 0.39
National (mllion 1976 dollars) 28.00 3.20 31. 20
National (mllion 1983 doll ars) 47.88 5.47 53. 35
17.  State, (Acres/Acre) /2
Per Househol d (1976 dol | ars) 1.92 0.01 1.93
National (mllion 1976 dollars) 153. 60 0.80 154. 40
National (million 1983 dollars) 262. 66 1.37 264. 02
20. County (acres/Acre)'ll2
Per Househol d (1976 doll ars) 0.14 0.04 0.18
National (million 1976 dollars) 11. 20 3.20 14. 40
National (mllion 1983 dollars) 19. 15 5. 47 24. 62

Not e:

a. National benefits based on the product of the per household benefit
and a national total of 80 mllion households, net of A aska. Hawaii and the
District of Columbia. (Statistical Abstract of the United States, 1984).
Price index used to convert 1976 dollars to 1983 dollars 1s 1.71.
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NOTES

1. For exanple, consumers may consider power boats nore versatile and
easier to operate than sail boats.

2. As MFadden, 1982 observes, this specification ignores the tenpora

dynami cs of durabl e purchase decisions and treats historical ownership as
synonynous W th contenporary purchase. McFadden remarks that “this is
correct only under the inplausible assunption that there is a perfect

rental market w thout transactions costs, or else that costs have not
shifted or were perfectly anticipated since date of purchase”, (p. 9).

3. Usually the assunption is nade that the consunmer cannot exhaust his
i ncone by purchasing a durable, so ppXj <Y for all i

4, In Hanemann (1981), every consuner purchases a durable good, so the
possibility represented by (4) is not covered. In this formthe nodel is
appropriate for analysis of the brand choice of a nearly universally held
durable (refrigerators, for exanple) or a transit nodal choice decision,

where everyone in the rel evant popul ation nust travel. So, the model is
only a special case of the nore general situation set out above.

5. Smal | and Rosen 1981 observe that as long as the H cksian conposite is
perfectly divisible, the assunption that u(+) is strictly increasing in z
and non-decreasing in Xj guarantees that the indirect utility function
exists and is strictly increasing iny.

6. Note that if all of the . val ues were negative for all individuals in
a large sanple, all observations would exhibit durables purchase, which is

the specific case analyzed by Hanemann (1982.a) and Small and Rosen (1981).
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7. I ntrapersonal random utility neans that each individual is a rationa
utility maximzer given his state of mnd, but the latter varies randonly
from one choice situation to the next.
8. The analysis of nmore than two choices is a straightforward
generalization. See, for exanple, Hensher and Johnson 1981
9. See Henscher and Johnson 1981. Generic variables (like price in the
above exanple) vary in level across choices but have a conmon paraneter,
while alternative-specific dumy variables correspond to the effect of a
specific alternative on wutility, and continuous alternative specific
variables (like clinmate) result from the interaction of an
alternative-specific dummy variable and an attribute of the individual or
the environment.
10. Alaska, Hawaii and the District of Colunbia were excluded from our
version of the Coast Guard sanple
11.  Qur analysis is confined to ownership of a single durable, and thus
bypasses conplications of nodeling nultiple-unit choices. Large boat
owners who also reported a small secondary purpose boat were included oh
the rationale that many |arge boats are customarily equi pped with an
auxiliary dinghy or raft. One of the potential advantages of the Coast
Guard survey is that it asked for the percentages of total boating tine
that were spent pleasure cruising and sailing, water skiing, racing
canoei ng, kayaking, white water rafting, hunting and fishing. Therefore it
is possible to distinguish between boat ownership whose primary purpose was
the enjoynent of boating in its own right versus ownership as an input to
anot her recreational activity such as hunting or fishing. Potentially this
pernmits the isolation of the benefits of water quality inprovenents

accruing solely to pleasure boating uses, avoiding double counting problens
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which could occur if hunting and fishing benefits were also indirectly
derived fromthe analysis of boat ownership for all uses. However, to do
so a nested (or sequential) logit nodel based on a hierarchical decision
tree would have to be estimated assuming the generalized extrene val ue
(GEV) error distribution (MFadden 1982). Additionally, variables
di stingui shing boat ownership for pleasure versus fishing and hunting woul d
be required to make the nested nodel realistic. Because of the nore
demandi ng conputational and data requirenents of the nested logit nodel we
confine our analysis to the sinpler conditional logit nodel which can be
shown to be a restricted version of the former (Maddala 1983). W do not
di stingui sh boat ownership by type of use.
12.  These figures require sane adjustnents before they can be used -
particularly the exclusion of saline water and the addition of the acreage
of small | akes. Such adjustnents are discussed in Hewitt and Zi mrer man
1984.
13. Residents of Al abanm, Fl ori da, Ceor gi a, | ndi ana, Mar yl and
Massachusetts, Nevada, New York and West Virginia could not be included in
our final sanple due to the failure of these states to respond to that part
of Dyson’'s survey.
14, To avoid the loss of a large portion of the sanple due to the absence
of marine pollution and non-pollution linmtation data for Massachusetts,
Maryl and and New York, an average of neighboring state narine percentages
was substituted. Maine’s values were inputed to Massachusetts; an average
of New Jersey, Delaware and Virginia s values to Maryland, and an average
of Connecticut and New Jersey’s values to New York. Unli ke the case of

freshwat er missing values, this inputaition was necessary because residents
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of many states have these coastlines as their ultinmate destinations, and
m ssing val ues here woul d drastically reduce our sanple size.
15. For example, Illinois reports 67.5 percent of Geat Lakes water
unavail able for reasons other than pollution, while Indiana reports no
non-pollution limtations. Yet Indiana's |ake county shoreline is heavily
i ndustralized while nunerous parks dot the Illinois coastline
16. In general, suppose pollution increases the expected travel distance
to a site by the relation DA=Qd(]:FMR wher e Do i s the unadjusted original
di stance and Da is the pollution-adjusted distance. A first-order Taylor’s
series expansion of this relation around P\0 yields the approximation
DA-~~D0+APMD0 wher e APM is the increment in the fraction of water polluted
froma base of 0. Thi s deconposition of the overall effect is used in
specification of the full nodel so that the influence on choice of
pollution termin the hypothesized relation DA=Dd( 1-P\) can be tested
statistically.
17.  This sort of specification was enployed in the fishing participation
anal yses of Vaughan and Russell 1982, and is perhaps nore reasonable in
that context than it is for boating.
18. Parameter estimates for the activity-specific dumry variables in this
sort of nodel are not anenable to meaningful interpretation.
19.  This conclusion is prelinmnary and can be explored further by creating
activity-specific distance variables which allow each choice to react

differently to distance, rather than inposing paranmeter equality.
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APPENDI X A. EXPECTED ANNUAL COSTS OF BOAT
OMNNERSHI P AND OPERATI ON
The cost variable in our conditional logit nodel reflects the annua
rental price of capital services, mscellaneous fees, insurance, and the
average operating cost for a typical or standard year, all distinguished by

category of boat owned. These conponents are di scussed bel ow.

CAPI TAL COSTS AND SERVI CE PRI CES

Assunme an exogenously fixed useful service life of an asset which
cannot be altered by adjustnents in maintenance costs per annum  Then, the
rental or service price per annum of the durable consuner good can be
calculated from a sinplified version of the service price fornula
(Chri stensen and Jor gensen 1969) . | gnori ng capita
appreci ation/ depreciation and property taxes,1 the annual service price, S,
is the sum of the cost of capital to the household, the current cost of
repl acenent, boat registration fees, and insurance:

S=(r +uA+F+1 (1)
where r is the effective after-tax rate of return, u is rate of replacenent
of consuner’s durable, Ais the capital cost of the boat, including sales
tax, F is the boat registration fee and | the insurance prem um

We assunme an after-tax rate of return of 8 percent for r and a
repl acenent rate, u, of 20 percent. The latter is derived by assunming a
mean useful life of 10 years (U S. Departnment of Commerce 1982) and a
doubl e- decl i ni ng bal ance depreci ati on schedul e, which inplies u = 2/10
(Christensen and Jorgensen 1969).2

The 1983 before-sales tax asset costs of boats of various types appear

in table 10.A. 1, along with their 1976 dol | ar equival ents, obtained by



Boat
Large
Large
Smal |
Snal |
Snal |

Not es:
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Tabl e 10.A. 1. Bef ore Tax Boat Costs

Capital Cost a
f

Type 1983 Dol |l ars 1976 Dol | ars
(>16') Pover " 17, 000 9,934
(>16") Sail© 42,000 24,543
(16'<) Powerd 2,800 1,636

(16' <) Sail 2,900 1,695
(16'<) Qther® 400 234
Lengt h-wei ghted and ownershi p-wei ghted average of costs. Wights

calculated from U S. Department of Transportation 1978; 1983 boat
costs from National - Mari ne Manufacturers Associ ati on 1984,

I ncl udes inboard, inboard outdrive and outboard bowiders and other
runabouts and inboard cabin cruisers. Cost includes notor.

I ncl udes auxiliary powered sail boats.

I ncl udes powered rowboats, johnboats, runabouts and other open
| i ght wei ght boats.

I ncludes principally canoes, kayaks and inflatabl es.

Deflator is 1.71.
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deflating the 1983 capital costs by the GNP deflator for consumer durables

(U.S. Departnent of Commerce, Survey of Current Business, various years). The

after sales tax asset costs are obtained by applying the staté&specific sales
tax rates from Tax Foundation Inc., 1975 to the 1976 asset costs in table

10. A 1. Boat registration fees are state-specific and depend on the |ength and
type of boat, and were obtained fromthe National Mrine Manufacturer’'s
Association. A final elenment of capital cost is insurance, |, which we
calculated as 1.5 percent of asset cost for large power boats, 1 percent for
large sail boats, 3 percent for small power boats, and 1.5 percent for snmal

sai | boats, based on interviews with a nunber of marine underwiters.

STANDARD OPERATI NG COSTS

The second elenent in the total annual boat price over and above the
capital rental price is the expected annual running cost. Since a
preponderance of the power boats in the sanple (95 percent) used gasoline
fuel (U S. Departnent of Transportation 1978, table 30) our neasure of
expected running costs is based on the annual cost of fuel, assuming a
standard 153 hours of operation per year, calculated for all boats from
U S. Departnent of Transportation 1978, tables 36, 37, and 38. The gallons
of fuel consunmed per boat per standard year of operation calculated from
the same source are 351 for |arge power boats, 68 for |arge sailboats (nost
have auxiliary engines), 184 for small power boats, and O for small sai
and other small non-power boats. These requirenents mnultiplied by
regionally differentiated fuel prices (Federal Energy Administration 1976)

give the standard operating costs shown in table 10.A 2.
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Table 10.A 2. St andard Annual

Boat Operating Costs

(1976 dollars)

1976 Gasoline

Cost St andard Operating Cost
Regi on Per Gallon Large Power Large Sail Smal | Power
New Engl and 0.576 202. 18 39.77 105. 98
Md Atlantic 0.599 210. 25 40.73 110. 22
Lower Atlantic 0.597 209. 55 40. 60 109. 85
M d Conti nent 0. 589 206. 04 40. 05 108. 38
@ul f Coast 0.562 197. 26 38. 22 103. 41
Rocky Mount ain 0. 603 211. 65 41.00 110. 95
West Coast 0. 607 213.06 41. 28 111. 69
Not e:
a. Regional State conposition as follows:
New Engl and
Conn., Maine, Mass., NH, RI1., W.
M ddle Atlantic
Del., Md., NJ., NY., Pa.
Lower Atlantic
Fla., G&a., NC, S.C, Va. W Va.
M d Conti nent
I11., Ind., Lowa., Kans., Ky., Mch., Mnn., M., Nebr.,
N. Dak., Ohio, kla., S. Dak., Tenn., Wsc.
Qul f  Coast
Ala., Ark., La., Mss., N Mex, Tex.
Rocky Mbuntain
Col 0., Idaho, Mont., Uah, Wo.
West  Coast
Ariz., Calif., Nev., Oeg., Wash.
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COWPOSI TE COST
An exanmpl e cal culation of the conposite 1976 dollar boat service
price and operating cost for an arbitrarily selected state, Massachusetts,
is shown in table 10.A 3. Sinmlar calculations for all state/boat
categories produce the data in table 10.A 4. The conposite cost is

deflated by the state price index, P, obtained from Fuchs et. al. 1979.

Table 10.A 3. Boat Costs by Category for Massachusetts

Repl acenent

Pl us Undef | at ed
Asset Interest- Regi stra- Oper at - | nsur - Conposite Conposite

Boat Cost & Cost b tion Fee ing Cost ance Cost Cost Cost ©
Large

Power 10, 232 2865 10 202 149 3226 2976
Large

Sai | 25, 279 7078 10 39 245 7372 6791
Smal |

Power 1,685 472 10 106 49 637 587
Smal |

Sai | 1, 746 489 0 0 25 514 474
Smal |

O her 241 67 0 0 0 67 62
Not e:

a. Includes sales tax at 3 percent.

h. FromEg. (1) above as 0.28 tines Asset Cost

c. State price deflator is 1.08422.
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Table 10.A.4. BOAT SERVICE PRICES FOR 1976 NORMALIZED BY HICKSIAN PRICE

STATE STATE NORMALIZED NORMALIZED NORMALIZED NORMALIZED ~ _NORMALIZED SMALL
FIPS LARGE POWER LARGE SAIL SMALL POWER SMALL SAIL NON=-POWER 'NON=S
CODE

1 ALABAMA 3560.92 8154.76 695.13 575.40 74.66
4 ARIZONA 3575.85 8161.11 703.54 573.88 79.16
5 ARKANSAS 3648.20 8362.12 710.18 584.06 76.64
6 CALIFORNIA 3235.21 7381.24 639.82 523.56 67.60
8 COLORADO 3508.39 8003.25 691.61 563.91 73.29
9 CONNECTICUT 3878.34 6579.08 563.97 458.11 60.20
10 DELAWARE 3190.02 7247.34 630.13 506.25 66.34
12 FLORIDA 3781.06 8614.81 794.46 601.53 78.98
13 GEORGIA 3573.94 8153.40 701.27 572.44 74 64
16 IDAHO 3760.18 8579.79 738.44 599.12 78.62
17 ILLINOIS 3199.66 7318.05 625.91 512.85 67.07
18 INDIANA 3418.46 7811.58 669.70 545.99 71.62
19 IOWA 3226.33 7370.00 634.40 519.36 70.50
20 KANSAS 3191.73 7293.60 626.01 512.13 66.82
21 KENTUCKY 3313.41 7552.56 653.39 527.35 69.27
22 LOUISIANA 3527.64 8083.01 687.30 564.64 74.10
23 MAINE 3927.26 8994.60 766.37 621.11 82.50
24 MARYLAND 3187.17 7258.02 625.61 506.79 66.54
25 MASSACHUTSETT 2975.55 6790.87 587.41 474.32 62.21
26 MICHIGAN 3209.74 7326.22 626.60 512.13 67.01
27 MINNESOTA 3280.96 7497.93 642.91 525.46 68.68
28 MISSISSIPPI 3526.39 8091.33 685.10 565.10 74.23
29 MISSOURI 3360.05 7600.00 657.90 537.97 70.37
30 MONTANA 3603.82 8207.56 709.84 573.30 75.12
31 NEBRASKA 3222.64 7338.06 534.74 512.50 67.24
32 NEVADA 4014.56 9141.00 794.45 638.28 83.76
33 NEW HAMPSHIRE 3918.84 8907.05 773.69 622.32 81.55
34 NEW JERSEY 2850.37 6503.87 559.26 458.43 59.53
35 NEW MEXICO 3857.35 8830.55 757.45 627.07 80.85
34 NEW YORK 2554.37 5834.86 499.80 407.41 53.49
37 NORTH CAROLINA 3449.96 7873.98 679.78 549.45 72.10
38 NORTH DAKOTA 3784.76 8645.95 739.68 603.75 79.27
39 OHIO 3191.58 7265.40 627.00 . 514.89 70.90
40 OKLAHOMA 3574.13 8185.69 696.33 571.26 75.40
41 OREGON 3784.01 8601.07 750.84 608.29 71.61
42 PENNSYLVANIA 3202.17 7315.79 627.03 510.72 67.11
44 RHODE ISLAND 3022.33 6917.83 588.50 483.08 63.45
45 SOUTH CAROLINA 3364.97 7684.86 660.31 536.60 70.45
46 SOUTH DAKOTA 3394.39 7758.17 665.12 541.76 71.13
47 TENNESSEE 3768.52 8607.17 738.65 605.07 78.81
48 TEXAS 3704.65 6475.13 724.14 591.97 77.72
49 UTAH 3822.54 8726.06 752.48 614.72 79.94
50 VERMONT 3802.11 8690.75 742.90 607.01 79.66
51 VIRGINIA 3180.72 7258.19 625.28 506.86 66.51
53 WASHINGTON 3345.27 7644.33 643.47 524.65 68.90
54 WEST VIRGINIA 3335 .70 7608.69 656.86 531.33 69.73
55 WISCONSIN 3071.01 7021.08 601.51 493.07 64.33

56 WYOMING 3245.79 7399.19 639.84 516.68 67.80
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NOTES

1. In many states, boat registration fees are levied in lieu of persona

property tax (National Marine Manufacturers Association 1984).

2. Al'though a priori large boats might be expected to have |longer |ives
than small boats, the nedian age of boats owned does not vary appreciably

by size (U S. Departnment of Transportation 1978).
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Chapter 11
BOATING A RECURSIVE MODEL OF
PARTI Cl PATI ON | NTENSI TY AND I TS
SENSI TIVITY TO POLLUTI ON

It has become comon in studies of the demand for marketed or
non- mar ket ed goods (eg. Duan, et. al. 1983, 1984; MDonald and Mffitt,
1980; Thraen, et. al. 1978, Ziener, et. al. 1982) to recognize that changes
in prices or other exogenous variables have a twofold effect on quantity
demanded. The first involves changes in the nunber of individuals
participating in the nmarket and the second involves changes in quantity
consuned anong those individuals actively participating in the market prior
to the exogenous change.

In the recreation context, focusing on the service flow output of the
experience (recreation days) rather than the capital and operating inputs,
the basic notion is that behavior is mbdeled in two steps (even though the
consuner’s decisions may be sinultaneous). The first step is the decision
to participate in the activity (i.e., have positive recreation days) while
the second is the decision on what |evel of service flow outputs (days) to
enjoy, conditional on a decision being made to participate.

When using Cragg hurdles nodel of recreation participation the first
decision is informally referred to as the participation probability step,
and the second the participation intensity step. Fundamental to such
models is the idea (Duan, et. al. 1984) that the expected nunber of
recreation days for any individual, i, in the population E(qi) is the
product of the probability that the individual will participate, P(qi >0)
multiplied by the expected level of activity conditional on a decision to

partici pate having been nade, E(qi|qi >0). So, in briefer notation, for any
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representative individual i, the unconditional expected quantity consuned
*
q; = E(qi) S
*
g = PRyxqy = f(q; PR) (1)

wher e PR = Hqi>m and Ei = K gj |%>0) are functions h(0) and g( of a
set of exogenous variables, including nost inportantly trip cost or a proxy
thereto, which is affected (reduced) by a pollution control policy.
Assumi ng the function f (Ei,P@) = g(x)h(x) is continuously differentiable
Wi th respect to the cost (or availability proxy) variable x, the first
differential (ie., the first term of the Taylor's series expansion of the
function) can be enployed as an approxi mation (A len 1967) to the change in

*
q, induced by a change in x fromx® to x'<x©
*
i

Aq; = f(qy, PR}) = £(q7, PR}) (2)

[g(x)n(x!)] - [g(x°)h(x°)]
= g (x)h(x)(x*~x%) + h'(x)g(x)(x'~x°)

where prines denote partial derivatives with respect to x and by assunption
g’ (x) and h’(x) are negative, evaluated at the point of expansion, x°
Re-writing (2) by substituting Aai for the termg' (x)(x'-x° and APR, for
the termh' (x)(x'-x') the change in the expected nunber of recreation trips
due to the policy is approximtely:

Aq: ~ AEi PR+ APRiEi (3)

Equation 3 is an absolute version of the elasticity formula (5) in
Thraen et. al. 1978. It shows that the expected quantity adjustment to a
change in trip cost for any individual is conposed (approximtely) of two
conponent s: the change in the expected quantity consuned conditional on
consunption multiplied by the initial probability of consunption plus the
change in the probability of consunmption multiplied by the initial quantity

that would be consumed given positive consunption. The aggregate anal ogue
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to this individual result taken over entire population of N persons of whom

n initially are consumers, using n/N = PR, in (3) and rultiplying through

by Nis:
. ZAqi n An Zqi _ _
MmN TR RN Tan T e 4
LAq la; - - .
wher e N and ¥ are average rates, Aq and g respectively

So, the total quantity adjustnment is approximtely equal to the
increnent in the quantity demanded by individuals who initially were in the
mar ket (the subject of this chapter) plus the ambunt demanded by new
entrants (the subject of the preceding chapter yl

Equation (4) lies at the heart of the recreation participation
equation approach to obtaining an estinmate of the change in the nunber of
recreation occasions (days or, nore properly, trips) under a policy of
recreation resource augnentation (or nore specifically water pollution
control). Under the assunption of a constant average consuner’s surplus
per occasion, the quantity change in (4) can be nonetized to obtain a
monetary measure of benefit.2

Accepting the constant average value assunption, the aggregate
monet ary anal ogue to (4) in service flow space, based on the participation
method, is, representing value per household per trip as v:

BT = B, + B (5)
wher e BT=V(AQ*). B,=v(agn) and B,=v(Ang).

The estimation of B, is the subject of this chapter. An estimate of
B, was obtained in the preceding chapter via the indirect utility function

for durables ownership (assuning a standard annual operating rate q). In

the next section we perform a plausibility check on the results of the
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previous chapter using the approximation for B, given in Eq. (5) above,

before proceeding to the estimation of B,.

A PLAUSIBILITY CHECK ON THE RUM MODEL’ S WELFARE ESTI MATES

To estimate B, under the participation approach of Equation (5), we
need to know three pieces of information: the change in the nunber of
boati ng households due to the policy (an), the nunber of recreation
occasi ons (trips) per household per year prior to the policy (q), and the
average consumer’s surplus per household per trip

I gnoring the boat rental nmarket for the moment, assune the probability
of boat ownership and the probability of positive boat recreation days are
identical (ie: no boat owners buy but fail to use their boats at |east once
in a season). Then the conditional logit nodels of the prior chapter can
be used to produce estinates of An, since An is equal to the nunber of
households N nultiplied by the change in the probability of ownership
(here, participation) predicted by the logit nodels, evaluated at the
means. The results are shown in table 11-1.

Table 11.1. Estimated Changes in Boating Participation

Condi tional Logit Mode

1 14 17 20
APR® 0.00072  0.00032 0.00152 0.00017
NP 80 80 80 80
An=APR( N 0. 0576 0.0256 0.1216  0.0136

Not es
a. Change in fraction of boat ownership (ie: participation).
Predicted fromeval uation of Logit nodels under pre and post
policy conditions.
b. Nunber of households in US., in mllions.

c. Change in nunber of boat owning (participating) households, in
mllions.
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The ot her two pieces of information, g and v, can be derived
i ndependently of the information used to produce the logit nodels in the
previous chapter. First, all boat owning households in the Coast Cuard
survey were asked for the average number of tines per nonth their boat was
used, and the nunber of nonths of use over the year, the product being a
proxy for trips per year. Moreover, all boat owning househol ds who
trailered their boat (63 percent of all owners) were asked for the average
round trip mles travelled per outing. Wth this information on the trips
per year taken by trailering households and their round-trip travel
di stances a conditional senilog trips demand equation can be estinmated to
obtain a relation estimting E(qilqi>0) as in (1) above; and we do so
below. Additionally, the same relation can be used to produce an estinate
of wv. Anticipating the results discussed in detail below where the trips
demand equation is estimated, several point estimates of v, differing with
estimation procedure (OLS, Robust Regression) enployed, are reported in
table 11-2.

Table 11.2. Values Per Boating Day

Aver age Surplus Per Tripb
$ Per Househol d $Per Person

Esti mati on Met hod

[ OLS, Full Sanple 121 38
[I.  Robust Regression, Full Sanpl et 103 32
Not es:
a. Method |1 is Tukey's biweight procedure which danpens the

influence of outliers. See estimation results section of this chapter.
b. Assunmed travel cost of 10 cents per mle.

Obtaining @ is nore straightforward. The mean nunber of boating trips

per household for all boat-trailering households in the Coast Cuard survey
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is 25 and a nore robust measure of central tendency, the nedian, is 15.3

Wth information on the nunber of new households attracted to boat
owner shi p because of a pollution control policy (in this case conplete
cleanup), their typical days of boating per year, and the average
consumer's surplus per day, a plausibility check on the RUM estinates of
the preceding chapter can be made. For exanple, Logit Mddel 11 predicts
0.0576 mllion new households due to pollution control, so the product of
this value, the nedian days (15) of boating and a robust neasure of

consuner’s surplus yields an estimate of total benefit conponent B,

0.0576 mllion households x 15 days x 103 3 = $88.99 nmllion.
househol d day

Simlar calculations for a the other nodels of the preceding chapter using
either the median (15) or nean (25) days of annual participation produces
the conparison of the RUM and participation estimates of the B, conponent
of the national benefits of bringing all marine and freshwater up to

boatable quality shown in table 11-3.

Table 11.3. Estimates of B, from RUM Mdel s
Versus Participation Approximations
(mllion dollars)

Conditional Logit Mbde

1 14 17 20

RUM Conpensating Variation (19763) 61. 60 31. 20 154. 40 14. 40
Partici pation Approx. using Median Daysa 88. 99 39.55 187. 87 21.01
RUM Conpensating Variation, (1983%) 105. 34 53.35 264. 02 24. 62

Participation Approx. using Mean Daysa 148. 32 65. 92 312. 35 35.02

Not e
a. Uses average surplus values from robust regression reported in
table 11-2, which are approximately in 1980 dollars.
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Wil e the RUM conpensating variation estinmates are exact theoretica

neasures of welfare change, the participation nethod estimtes are
approximate in nore ways than just being Marshallian surpluses and thus
expected to overstate the benefit of pollution control (whose effect is
anal ogous to a price decrease). First, estimates of travel cost per mle

especially for trailered vehicles, are difficult to pin down in terms of
any particular year. Indeed, travel cost itself is unlikely to be constant
across individuals in cross section, and need not nobve proportional to the
general price index. The val ue of 10é per mle used to construct table
11-2 is arbitrary, and can be best regarded as being nmid-way between 1976
and 1983 costs.4 (While 106 per mile may seem low for trailering, higher
costs per mle produce inplausibly high average values). Second, while the
average val ue of $103 per household per day is our preferred neasure based
on robust regression procedures, the COLS values fromtable 11-2 cannot be
ruled out. Finally, using the strict expected value (the mean) of days per
year rather than a nore robust neasure of central tendency downwei ghting
the inportance of extrenme observations (which may in fact represent
erroneous survey information) has a large inpact on the resultant estimate
of B,.

A mxed set of conclusions can be drawn fromthis plausibility check.

Wi ch are enphasi zed depends on one’s subjective point of view Those
experienced in benefit estimation in the non-narketed goods context, which
is a notoriously uncertain enterprise, may find the conparisons in table
11-3 mldly heartening. At least it is possible to find a set of
assunptions which together yield close concert between the RUM conpensati ng
variation neasure of welfare change and the participation approximtion

measur e. Yet from another point of viewthat is just the problem-the set
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of assunptions (especially for average value), proper for the participation
approxi mati on method can never be determined with certainty.

In the next section we sketch the structure of a recursive nodel of
boating intensity before noving on to discuss the data and enpirical
analysis giving rise to the values reported in table 11-2. Finally,
alternative estimates of welfare conponent B, are presented, along with a
final range of values for Br representing the sumof B, estimted bel ow and

B, discussed above and in the preceding chapter

A RECURSI VE TWO- EQUATI ON MODEL OF BOATI NG TRI P DEMAND AND TRAVEL DI STANCE
As discussed in chapters 3 and 4 above, in a 1971 paper, Cragg
proposed a set of nodels for situations in which an econoni c agent makes
two (sinmultaneous) decisions. A dichotomus decision is made about whet her
or not to engage in sonme activity. Conditional on an affirmative for this
deci sion, a decision is made regarding how nmuch of the activity to pursue.
Wil e Cragg proposed several nodels, the one enployed here involves a
situation where the quantity of boating trips per year in the second-stage
decision is defined only for positive real nunbers, given the first stage
decision to participate as nodeled in the preceding chapter. For
convenience it is assumed that the conditional density of the logarithms of
the positive realizations is norrml.5
The general specification of the boating trips demand equation
estimated below is of the standard sort found in the literature, involving
the inclusion of travel distance, individual socioeconom c characteristics
and climatic influences. (See, for exanple, Zi ener and Miusser 1979).

There is, however, the question of how to incorporate environnental

pol | ution.
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One answer would be to add resource availability variables as
additional regressors in the trips demand equation, as proxies, however
vague, for environmental “characteristics”. Under this specification a
pol lution control policy, by augnenting the resource availability, would
lead to a (presumably rightward) shift in the conditional trips denmand
function. This this procedure is defensible when dealing with the
characteristics of specific sites and the trips thereto (eg: Wnnergren
et. al. 1975, Vaughan and Russell 1982).

Yet unl ess such resource availabilities directly affect the consuner’s
utility function, (as in Bouwes and Schneider 1979) it is hard to
rationalize this specification when the demand equation refers not to
visits to particular sites with specific water quality characteristics but
instead to the demand for the activity, whatever the sites visited or their
characteristics--that is, a demand curve for the “whol e experience” (Sinden
and Worrell 1979). In this broader context it is sinpler to hypothesize
that the observed distance travelled on an average or typical trip is
itself a function of the availability of fresh and narine recreational
water availability, following the argunment in chapter 2 above for
partici pation analysis generally. Here, increased availability due to
pol l ution control decreases expected travel distance, and hence nargina
trip cost, without influencing the demand relation. This alternative view
and its nmeasure of Marshallian surplus is contrasted to the denmand-shifting
model in Panels A and B of figure 11. 1

The nodel depicted graphically in Panel B of the figure requires, in
addition to a statistically estimated trips demand function, a distance per

trip (trip cost) function. So, the general recursive nodel involves first
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the decision on how far to travel per trip (D) and then, how many trips to
take (Q, given a decision has been made to boat:

D=f(AM (6)

Q= (DY) (7)
where A represents freshwater availability, net of pollution and other
limtations, Mrepresents distance to marine or Great Lakes water, again
corrected for pollution and other limtations, and S represents

soci oeconomi ¢ and other demand determ nants.

Figure 11.1. Alternative Mdels Reflecting Resource
Availability in Consumer Decisions

3
(!
)

3
(@]
]

Trips

Panel A. Demand as a Panel B. Marginal Trip Cost as
Function of Availability, A a Function of Availability, A
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DATA AND ESTI MATI ON | SSUES
Wil e the general recursive structure outlined above may be plausible,
several practical estimation issues nust be addressed when the Coast Guard
data set, wth its inherent limtations, is confronted with particular

specifications of (6) and (7).

The Travel Distance Function

Individuals who trailered their boats in the Coast Quard survey were
asked “About how many niles, round trip, do you normally trailer or carry
your boat on each outing?” Wiile the response to this inquiry can be used
as a dependent variable in the travel distance function, the form of that
function needs to be specified.

Cobviously the survey's trailer mles question requires the respondent
to estimate sane sort of average, or typical, distance figure. Thus the
response can be regarded as a probability weighted average of the
respondent’s expected travel di stance to (presunably) the nearest
marine/ Geat Lakes site (D) and the nearest freshwater site (Dp,
recogni zing that he may choose to recreate in both fresh and saltwater in
the same aeason.® Letti ng Mg and Ty represent the respective probabilities
that a trip was taken to marine/ Geat Lakes or freshwater, the general
rel ationship determning the average miles travelled response, D, is:

D = MDp + MyDy (8)

This very general notion can be represented as an estinmable function
in a variety of ways. The vital elenents in any particular choice are
first to select specific representations for Tg and Ty=1=0g which are
defined over the 0-1 interval, and second to define an estimable function

whose dependent variable is logrithmic, in keeping with the Cragg’s hurdles
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specification (Cragg 1971). This second el ement assunes normality or the
error termand is a natter of convenience nore than anything else, being a
justification for not becoming involved in conplex truncated regression
estimation of an intrinsically nonlinear nodel.

A reasonabl e hypothesis is that N and I, are functions of the ratio
of the expected freshwater and marine/ G eat Lakes distances. Wth the
above consideration in mnd a convenient specification of the HF and IIM

functions which is parsinonious in paraneters and confined to the 0-1

interval (Daniel and Wod 1980) is:

b, (Dg/ Dy
Iz =e (9a)
b, (Dg/ Dy
My = 1-e (9b)
where b, < 0.

Substituting (9.a) and (9.b) in (8) under the assunption that the

error terme; is lognormally distributed (e, - N(O, 0?))yields:

D - {[exp(b,( De/ D0 ) 1D + [1-exp(b,(D/ Dy)) 1Dy exp € (10)

Expressing (10) in logrithmc formyields an inherently nonlinear
nodel whose error termis additive and nornmally distributed:

ln5=ln{[exp(b°(DF/DM))]DF + [1-exp(by(De/ DY) 1Dy + € (11)
The nmodel in (11) can be estinmated using a nonlinear |east squares
al gorithm 7 i f Dr is known a priori.

Mre generally, the expected two-way distance to the closest
freshwater site, Dr. is proportional (Vaughan and Russell 1984) to the
negative square root of the square nmiles of freshwater per square nile of

surface area, (call it A), but itself is not directly observed. Wi | e

acreage is a directly neasurable quantity the factor of proportionally is
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not, and nust be estinmated since equation 11 is nonl i near. 8 Letting b,
represent the factor of proportionality (11) can be rewitten as the
trailer mles equation specification to be estinatedg, where a priori b <0,
b,>0:

1nD - I n{[ exp(bob;(A/ Dy))]b,A + [1-exp(bob,(A/Dy))]D} + & (12)

The variable descriptions and sanple nmeans for the variables in
trailer mles equation 12, and the trip equation discussed subsequently

appear in table 11.4

The Trips Demand Equati on

Uility theory suggests that any trips demand equation should ideally
be specified to include as explanatory variables the travel costs of the
trip, the scarcity value of tine, and incone (MConnell 1975). Yet many
data sets preclude the possibility of valuing time cost as sonme fraction of
the individual’s wage rate because of insufficient information. In lieu of
this preferred procedure, investigators often include travel cost and
di stance as separate regressors in the sane nodel, the latter serving as a
proxy for the opportunity cost of tine. Yet since travel cost is usually
constructed fromdistance, collinearity is often the result (Wtzstein and
McNeely 1980).

Qur Coast Cuard data set contains no information on incone or wage
rates, so it is inpossible to construct even a proxy for tine coat. And,
with our data, severe collinearity would be introduced by including both
the product of distance and an (assuned) cost per nmile and distance alone
in the same estimting equation. Thus, we onmit the scarcity value of time
from consideration, recognizing the potential biases introduced by this

data deficiency (ie., the true average surplus nmay be underestimated)



Table 11.4.

11-14

Variables Used in Trailer

Ml es

and Boating Trips Equations

Vari abl e
Nane

Descri ption?

Mbde

SanpleC
Mean

Dependent

M LES

TRI PS

LNM LES
LNTRI PS
[1. [Independent

ADI ST

DM

PO SSON( S)

PO SSON( ©)

A(S)

Round-trip trailer niles
travelled on a typica
occasi on

Boating occasions per house-
hol d per annum Constructed
as the product of occasions
per nonth and rmont hs of
boating per year.

Logarithm of M LES

Logarithm of TRIPS

Di stance to nearest available
mari ne or Great Lakes coast
adjusted for non-pollution
limtations but assum ng

zero pollution.

Di stance to nearest avail able
mari ne or Great Lakes coast,
adjusted for pollution and
non-pol lution limtations

(ie: ADIST divided by 1 mnus
the fraction polluted).

Freshwater acreage, adjusted
for reasons other than pollu-
tion, divided by total state
(S) surface acreage, and
raised to the -1/2 power.

Constructed like PO SSON (9S),
using county rather than state
area measures.

State freshwater acreage
adjusted for pollution and
non-pol lution [limtations,
divided by total surface
acreage and raised to -1/2
power .

Post - Pol i cy
Eval uation

Post - Pol i cy
Eval uation

Post - Pol i cy
Eval uation

67

25.

195.

197.

8.

13.

.99

35

.31

. 66

56

94

06

20

.22
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['l. Independent (continued)

Vari abl e a b Sanpl e®
Name Description Model Mean
A(C) Constructed like A(S), using 13. 46
county rather than state
area measures.
RATI O S) Ratio of A(S) to DM I 0.40
RATI Q) Ratio of A(C) to DM I 0. 66
M LES Round trip trailer mles 1.1 67.99
travelled on a typical
occasi on.
PERSONS Nurmber of persons carried [l 3.18
aboard the boat in a
typi cal outing.
EMPLOY Equal to 1 if prinmary boat I 0. 809
owner-operator is enployed,
0 otherwi se.
H GH Equal to 1 if primary boat [ 0.595
operator is high school
graduate, zero other wise.
COLL Equal to 1 if primry boat [l 0.172
operator has college degree,
zero otherw se.
PLEASURE Percent of total boating tinme [ 34. 67
spent over the year in
pl easure (ie: non-hunting and
non-fishing) uses.
HDD Annual heating degree days, [ 5140. 84
a proxy for season |ength.
LENGTH Length of prinary boat. [ 15.41
GASI D Regi onal gasoline price index. n. a. n. a.
PH CKS State price index. n. a. n. a.
CosT Norrmal i zed travel cost per trip. 1.2 7.13

Equal to MLES (GASID PH CKS)
multiplied by an assuned
$0.10 per nile.
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Not es:

a. Al variables are taken directly fromthe Coast Guard survey
except ADIST, DM PO SSON(S), PO SSONC), A(S), A(C), HDD whose sources are
the same as those reported in the preceding chapter

b. Model | is the trailer mles equation defined in Eq. 12 of the
text, with a sanple size of 1618. Mdel Il is the trips equation and has
two variants: |1.1 using travel distance (MLES) and Il.2 using travel
cost. Both Il1.1 and I11.2 share the same independent variables apart from

travel cost, and are estimated from a sanple of 1404 observations.
Intermedi ate variables enployed in the construction of final variables used
in estimation are designated as n.a. in the “nodel” colum.
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Two alternatives are left. The first is to include distance directly
as a regressor. The average surplus per household per occasion with this
nodel is just the reciprocal of the parameter estimate on distance after
di vi sion by an assuned cost per m'Ie.10 It is therefore unnecessary to
moneti ze distance in this framework.

A second alternative would be to recognize that in a national cross
section it is unreasonable to assune a constant coat per mile and to ignore
the relative price of all other commpdities, even if the operating
characteristics of the vehicles used are assuned to be the sane, and the
scarcity value of tinme is ignored. In this second specification, which is
consistent with demand theory, the relevant price regressor is travel cost,
deflated by an index of the H cksian conmposite conmodity. Travel cost
itself varies due to regional variation in gasoline prices.

However the travel cost variable is specified, the nodel should
i nclude income and climatic variables which influence the nunber of boating
trips taken per househol d per year. The variables selected are shown in
table 11.4. As the Coast Guard survey contains no incone information, we
represent it with dummy variables reflecting the enploynent status and
educational attainnment (EMPLOY, HIGH CCOLL in table 11.4) of the primry
boat operator. Additionally, the nunber of cold weather days may linit the
intensity of boating activity, and we represent these with heating degree
days (HDD).

Finally, the nunber of persons per trip and the length of the boat
used coul d conceivably influence boating intensity (PERSONS, LENGTH). The
two conpeting specifications of the trips demand function relate the
| ogarithm of the number of trips per household per year to either distance

(MLES) or relative trip cost (COST), along with the PERSONS, EMPLOY, H CH
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COLL, PLEASURE, HDD and LENGTH vari ables of table 11.4. Agai n consi st ent
with the Cragg hurdles specification, the assunption of a normally
distributed error term for the sem-logrithmc trips intensity equation is
i nvoked.

The next section presents the parameter estimates for the trailer
mles and trips equations discussed above. Before turning to those
results, it is inmportant to note that the Coast Guard data set contains
data points which potentially represent severe outliers. For exanple, one
i ndustrious recreator reported taking 500 boating trips in 1976, each of
which involved a round-trip trailering distance of 220 miles. Even with a
| arge sanple, the presence of a handful of such inplausible responses could
have considerable influence on the paraneter estinat esl.1

There are many ways of dealing with potential outliers. One is to
define a subset of the data which is "reliable” and to sequentially add
observations from the unreliable subset, deciding each tine whether to
retain or drop each suspect observation based on a statistic conputed from
recursive residuals (Schweder 1976). However, this procedure is conputer
intensive and requires an initial decision defining a good subset of the
data which presumably contains no outliers.

A legitimate alternative, recommended when bad data points are
suspected, is robust regression (Hogg 1979), which is a formal procedure
for attributing less weight to unusual data points than to typical points
in estimtion. Thus all nodels in the next section are estinated
conventionally, giving equal weight to all observations, and also by a
robust technique (Tukey's Biweight) which tends to punish outliers

harshly. 12
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Estimation, Results

The results from nonlinear |east squares estimation of the
intrinsically nonlinear trailer mles equations using state or county
freshwater availability data appear in table 11.5. The overall fit of
these nodels estimated from 1618 observations is quite good, confirm ng the
link between distance actually travelled per recreation occasion and the
wat er resource endowrent (ie: availability) facing the individual, as
argued theoretically in chapter 2 above.

The parameter estimates for b, and b, both have the hypothesized signs
inall nodels. 13 Also, the relative stability of the paraneter estinates
across nodels (state versus county data) and estinmation techniques (equa
wei ght versus robust) is reassuring. The absence of |arge paraneter
changes across estimation techniques indicates the presence of very few
outliers in the data.14 This result suggests that, by and large, the
responses given for distance travelled on a typical occasion in the survey
are fairly reliable.

Yet the functions estimated in table 11.5 do exhibit one anonal ous
property. Wien the ratio of expected freshwater distance to marine/ G eat
Lakes distance equals one, the probability of visiting freshwater, nF,is

above 0.9. One might nore reasonably expect I, to be in the nei ghborhood

F
of 0.5 under these circunstances. But, the average boat size in the sanple
of trailered boats is below 16 feet, so it is not surprising to find a very
hi gh probability of freshwater use, given the risks of small boat operation

in the marine environnent.
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Table 11.5. Alternative Nonlinear Trailer Mles Mdels (NLIN)
(asynptotic standard errors in parenthesis)

State Mbdel s b County Mbdel s
Par amet er & NLINIT.1. a Robust NLIN 1.1.b NLIN [|.2. a. Robust NLIN 1.2. bb

b, -0. 0622 -0. 0664 -0. 0667 -0. 0651
(0.0163) (0.0141) (0.0091) (0.0078)
b, 3.6471 3. 8845 3.0147 3.1879
(0.1442) (0.1411) (0.1230) (011179)
Mean Square
Error 2.160 1.633 2.280 1.703
Root Mean
Square Error 1. 470 1.278 1.510 1. 301
R? 0. 84 0. 86 0.83 0. 86
Not es:

a. The paraneter b, represents the factor of proportionality converting
t he negative square root of the ratio of freshwater to total surface area to a
mles measure.

b. Tukey’'s biweight method estinated by iteratively rewei ghted nonlinear
| east squares. Robust estinmates of ¢ requirgg to construct weighting function

formed fromordinary NLIN residuals, u., as g=1.48 (madian|ui - median u |)

i [
following Holland and Wl sch 1977. Respective initial robust estimates of o

are 1.430 for the state nodel and 1.462 for the county nodel

Si nce HM is so small, the policy inplication of the nmodels in table
11.5 is that nost of the effect of pollution control will be transnmitted to
a change in trailer nmles (and hence travel cost) via freshwater, not
marine, water quality inprovenent. Al so, since nmarine pollution is
negligible in the pre-policy situation this phenonena nmay tend to

overstate the cost reduction from pollution control, and hence overstate

the benefits therefrom Lacking travel distance information for trips by
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the owners of (presunably large) boats kept in marinas rather than
trailered, there is not much to be said, except that this tendency toward
overstatenent to sone extent counterbal ances the understatenent in average
surplus due to neglect of travel tine in the trips nodel discussed above.

The results for the various trips nodels appear in table 11.6, where
the sanple of individuals providing conplete responses is 1404. Wile the
overal |l explanatory power of these nodels is not particularly inpressive
the paraneter estimates related to the two proxies for travel coat (MLES
or COST) are significant and correctly signed, which is of paranount
i mportance. Secondarily, it appears that |arger boating parties, higher
educational attainment (a proxy for income) and boat |ength positively and
significantly influence the (logarithm of) the nunber of boating trips
taken per season.

Can we choose between the distance versus coat specifications of the
trips nodel s? The nodel s are nonnested, but on the basis of an informal
information criterion, mean square error, the decision is alnost a toss-up

15 Wile the

giving only the slightest edge to the cost specification.
advantage of this nethod is conmputational sinplicity, it has no statistica
properties. Mre formal tests, such as those in Pesaran and Deaton (1978)
and Aneuryn-Evans and Deaton (1980) are not at all sinple. Another
alternative is the recent suggestion devel oped by Davidson and MacKi nnon
(1981). The logic of this class of tests is developed in appendix A The
application of these tests is also inconclusive, since neither nodel can be
rejected.

In any case, as it turns out the choice of Mdel | or Mdel Il is not

critical for policy evaluation purposes, because both yield sinmilar average

surplus neasures. Miuch nore inportant is the choice, given a nodel
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Table 11.6. Alternative Sem-Logrithmic Trips Models
(asynptotic standard errors in parentheses)

Di st ance Regressor Cost Regressor
VARI ABLE oS ROBUST? oS ROBUST?
Model 11.1.a Mdel 11.1.b Model I1.2.a Mdel 11.2.b
| NTERCEPT 2. 35676 2.42316 2. 35923 2.42832
(0.13331) (0.12284) (0.13330) (0.12265)
M LES -0. 00082 -0. 00097 . .
(0.00029) (0.00026) . e
CcosT . e -0. 00823 -0. 00983
. . (0.00278) (0.00251)
PERSONS 0.06277 0.05111 0. 06286 0. 05107
(0.01772) (0.01581) (0.017711) (0.01578)
EMPLOY -0. 11228 -0. 11819 -0. 11242 -0.11869
(0.07729) (0.06942) (0.07727) (0.06926)
H CGH 0.19821 0.19804 0.19859 0.19799
(0.07407) (0.06653) (0.07405) (0.06637)
COLL 0.32978 0. 32367 0.32974 0. 32265
(0.09723) (0.08695) (0.09720) (0.08675)
PLEASURE -0. 00077 -0. 00070 -0. 00077 -0. 00069
(0.00082) (0.00073) (0.00082) (0.00073)
HDD -0. 000016 -0.00001) -0. 000017 -0. 000012
(0.00001) (0.00001) (0.00001) (0.00001)
LENGTH 0.01187 0.01103 0.01199 0.01117
(0.00486) (0.00470) (0.00486) (0.00470)
Mean Square Error 1.2125 0.8772 1.2119 0.8717
Root Mean Sqguare
Error 1.1011 0. 9366 1.1008 0. 9336
R? 0.031 0.034 0.031 0. 034

Not es:
a. Tukey's biweight nmethod estimated by iteratively rewei ghted | east

squares. Robust estimates of ¢ required to construct weighting function forned
from CLS residual s uj as o=1.48 (nedian|ui-nedian ui|) follow ng Holland and
Wel sch 1977. Respective initial robust estimates for ¢ are 1.0352 for the

di stance regressor nodel and 1.0285 for the cost regressor nodel
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specification, of OLS or Robust paranmeter estimates, as evidenced fromthe
average Marshallian consumer surplus estimtes given in table 11.7.

There are two interesting observations to be made. First, even with
the om ssion of the opportunity cost of tinme, the average surpluses per
trip per person Promthese trips nodels appear to be at the high end of the
range of simlar values reported in the literature. Second, robust
regression produces surplus estinmates alnost 20 percent lower than the OLS
estimates. The way outliers are treated has a significant inpact on
average surplus and ultinmately, on the benefits of water quality
i nprovenent accruing to the boating category of recreation. So, while the
estimates are insensitive to one particular econonetric issue, nodel

specification, they are quite sensitive to another, estimation technique.

Table 11.7. Average Surpluses a
(average consunmer's surplus)

TRI PS MODEL PER HOUSEHOLD? PER PERSON?
[1.1.a. DI STANCE, Q.S 121.95 38.35
[1.1.b. DI STANCE, ROBUST 103. 09 32.42
[l1.2.a. COST, OLS 121.51 38.21
[1.2.b. COST, ROBUST 101.73 31.99
Not es:
a. Sur pl us per household invariant to nunber of trips taken. See
footnote 3.

h. Based on 3.18 persons per trip.
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VELFARE ESTI MATES W TH THE RECURSI VE BOATI NG | NTENSI TY MODEL

The pollution control benefit conponent, B, accruing to existing
boaters can be estimated as the product of the average consuner’s surplus
per trip (fromthe senmilogrithmc specifications of the preceding section)
and the predicted increase in the nunber of boating trips per boat owning
household (from the sequential trips nodel). Al that is needed at this
point is a prediction of the change in the nunber of trips. Heuristically,
with the sequential two equation nmodel this involves prediction of the pre
and post policy mles per trip using the trailer mles equation and
inserting these predicted values into the trips equation to produce
predictions of the trips taken pre and post policy.

While in principle the procedure is straightforward, in practice there
exi st several alternatives for obtaining point estinmate predictions when
the equations are semlogarithmc. So, analogous to the estimation process
itself, judgenental factors can intercede in unforseen ways in the benefit
estimation process, even in fairly sinple mechanical operations.

Predi cting Changes in Mles Travelled and Trips Taken
The Retransfornmation Probl em

The two equations in our recursive system (mles travelled and trips
t aken) have been estimated with the dependent variables transformed to the
logarithmc scale to obtain desirable statistical properties (especially
normality) consistent with the assunptions of Cragg’ s hurdl es nodel
However, pre and post policy predictions are desired on the untransforned
scale, and as noted in the literature (Goldberger 1968, Duan 1983, Ml ler
1984) unbi ased and consistent quantities on the transformed scale do not

retransform into unbiased or consistent quantities on the untransformed

scal e.
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Suppose the estimated nodel is:

1ny1 = B, + B,xi te (12)
where B, is an augnented intercept, Xi the independent variable of concern,
and € is a normal, independently distributed error termwth variance o2.
It can be shown (CGol dberger 1968, MIller 1984) that the exponenti al
retransformation of this nodel produces a prediction of the conditional
nedi an of Vi o not the conditional nean:

Med(y,) = exp(Bo + B,X,) (13)
This conditional median function lies below the conditional nean function
by a nmultiplicative factor which depends on the underlying disturbance
variance The conditional nmean function is:

E(yi) = exp(B, + B,Xi + ¢%/2) (14)
If an estimate of the conditional nean is desired, one sinple remedy is to
replace o> with its sanple estimate in Eg. 21, which renoves a nmjor
portion of the retransformation bias (MIler 1984).

An alternative is to enploy Duan’s (1983) nonparametric smearing
estimate of the bias retransformation factor in lieu of exp(gz/z). The
snmearing estimte uses the enpirical cunulative density function of the

-~

regression residuals €y to estimte the required retransformation

correction factor as (I exp(e;))/n where n is the nunber of observations.
The snmearing retransformation is:

E(y) = exp(go + ?3,)() x (I exp(;i))/n (15)
The snearing estimate attains high efficiency relative to the paranetric
normal theory retransformation and provides sane protection against
departures form nornality. 16

Thus the predictions of a change in Ji fromy, to y, given a change in

X; Prompre policy value x;, to post-policy value x, are:
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MEDI AN

MED Xyi - exp(B + E,xo) - exp(g° + g,xl) (16)
MEAN 1:

E(ay,) = NE (exp(go + E,xo) - exp(a° + alx,) (17)

where NE represents the naive estimte exp;2/2 and
NEAN 2;

E(8y,) = SE (exp(go + glxo) - exp(go + Elxl)) (18)
where SE represents Duan’s snmearing estinmate I exp(zi)/n.

However, there is a problemwth both of the retransformati on bias
correction factors (NE, SE) which appears to have gone unrenarked in the
literature. It is that in the presence of the specification error of
relevant but omtted explanatory variables (which is frequent in

recreational demand nodeling due to data deficiencies), the sanmple estimate

of ¢* is also inconsistent, being above ¢*> in the probability limt

(Schm dt 1976) A1 In consequence, the retransformed mean function could
wel|l be a biased and inconsistent estimate of the true nmean function,
exceeding the latter to a greater degree than the median function
understates it, depending on the magnitude of the upward bias in ;2.

To avoid the consequences of an upwardly biased estimate of the
conditional nmean function it is possible to use a fourth nethod which
enpl oys the ratio of predicted values pre and post policy, thus elimnating
the retransformation factor entirely by cancellation.

R, = E(y,)/E(y,) = exp('é° + Elx,)/exp(go + alxo) (19)
Then enploying the ratio as a linearization of the estimated function

around the originally observed point y, to predict y,, the expected change

inyis:
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Mean 3

Ay = Yo(Riﬂ) (20)

Wl fare Estimates of the Benefits of Increased Boating Intensity Anbng Boat
Omers Due to Pollution Contro

Using a prediction sanple of 1174 observations of boat owning

households18

and evaluating the recursive nodel for each observation pre
and post policy produces the average nmiles response reported in table 11.8,
and the average trips response reported in table 11.9. In general the
nedi an response theoretically lies below the true nean response which
itself should be less than or equal to the snearing and naive
retransfornmation estimtes, following the preceding argunment. Notably, in
tables 11.8 and 11.9 the expected response based on the rati o nethod, which
does not depend on the (potentially biased) sanple estimate ;’ is above the
nmedi an but bel ow either the smearing or naive retransformation estimates.
As for the effect on round trip travel distance of making all water
boatable, it is mnimal. From table 11.8 the range of change in expected
travel distance due to the policy is a decrease of 1.24 to 2.00 nmiles,
dependi ng on the nodel estimated and the prediction nmethod (ignoring the

medi an predictions). 19

This smal| decrease in distance translates into the
mar gi nal increases in the nunber of trips taken per househol d per year
reported in table 11.09.

Since the effect of the policy on quantities (mles, trips) is so
slight, it is not surprising that the benefits of the policy emanating from
increased intensity of participation anong existing boat owners, reported
in the last colum of table 11.9, are nodest. Again ignoring the median

the national benefits range between a low of $20 nmillion per annumto a

high of $43 nmillion, denmpbnstrating sensitivity to nodel and prediction

nmethod.  The magnitude of this benefit conponent B, relative to the B,
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Tabl e 11.8. Predicted Mles Travelled Per Trip:
The Effect of Pollution Contro
(per househol d)

Mles Ml es Chance
Pre- Post Due to
Mles Travelled Mdel? Met dod” Policy Pol i cy PoIicyC
MODEL |.1.a. STATE DATA, NLIN Medi an 29. 38 28. 83 -0.55
Mean 1 86. 50 84.90 -1.60
Mean 2 69. 23 67.95 -1.28
Mean 3 72.20 70. 95 -1.25
MODEL |.1.b. STATE DATA, ROBUST NLIN
Medi an 31.15 30.57 -0.58
Mean 1 70. 47 69. 17 -1.30
Mean 2 68. 11 66. 85 -1.26
Mean 3 72.20 70. 95 -1.25
MODEL |.2.a. COUNTY DATA, NLIN
Medi an 37.55 36. 92 -0.63
Mean 1 117. 43 115. 43 -2.00
Mean 2 96. 03 94. 40 -1.63
Mean 3 72.20 70. 96 -1.24
MODEL |.2.b. COUNTY DATA, ROBUST NLIN
Medi an 39. 54 38. 87 -0. 67
Mean 1 92. 65 91. 07 -1.58
Mean 2 94. 62 93.01 -1.61
Mean 3 72.20 70. 96 -1.24
Not es:

a. Mddels fromtable 11.4.

bh. Mean 1 refers to naive retransformation, Eg. 23; Mean 2 to smearing
retransfornmation, Egq. 24; and Mean 3 to ratio method, Egs. 25-26. True sanmple
nean value of MLES pre-policy is 72.20 for the evaluation sanple of 1174
observations, and 68 for the original estimtion sanple.

¢c. Equal to POST minus PRE



Table 11.9. Predicted Boating Trips Per Year: (O.S and Robust
Tripe Mdels, Distance Regressor
(per househol d)

MLES MODEL FOR PREDI CT- MLES AND TR PS TRIPS CHANGE POLI CY
TRI PS INC MLES INPUT TO TRIPS PREDI g— PRE- PCST- DUE 'l'Ob BENEFI T e
MODEL TRIPS MODEL TI ON METHOD= POLI CY PALI CY POLICY- (mllion$)=
AS Il.1. a. NONLI NEAR:
I.1.a. STATE NLIN Medi an 14. 946 14. 953 0. 007 6.48-7.68
[.2.a. COUNTY NLIN Medi an 14. 860 14. 868 0.008 7.41-8.78
I.1.a. STATE NLIN Mean 1 26. 145 26.178 0.033 30. 56- 36. 20
I.2.a. COUNTY NLIN Mean 1 25.670 25.709 0. 039 36.12-42.78
I.1.a. STATE NLIN Mean 2 25. 557 25.583 0.026 24.08-29.18
.2.a. COUNTY NLIN Mean 2 25.126 25.158 0. 032 29.64-35.10
I.1.a. STATE NLIN Mean 3 24.760 24.782 0. 022 20. 38-24.13
.2.a. COUNTY NLIN Mean 3 24.760 24.786 0.026 24.08-29.18
ROBUST I1.1.b.  NONLI NEAR/ ROBUST:
I.1.b. STATE ROBUST NLIN Medi an 15. 349 15. 358 0. 009 8.34-9.87
I.2.b. COUNTY ROBUST NLIN Medi an 15. 247 15. 256 0. 009 8.34-9.87
I.1.b. STATE ROBUST NLIN Mean 1 22.910 22.938 0.028 25.93-30.72
I.2.b. COUNTY ROBUST NLIN Mean 1 22.564 22.596 0.032 29.64-25.10
I.1.b. STATE ROBUST NLIN Mean 2 25. 472 25.502 0.030 27.79-32.91
I.2.b. COUNTY ROBUST NLIN Mean 2 24.988 25.024 0.036 33.34-39. 49
I.1.b. STATE ROBUST NLIN Mean 3 24.760 24.782 0. 022 20. 38-24.13
I.2.b. COUNTY REBOUST NLIN Mean 3 24.760 24.786 0.026 24.08-29.18

Not es:
a. Non-robust trailer miles mpdels matched with non-robust trips nodels, and robust trailer miles npdels matched with robust

trips models in all cases. Same prediction nethod used for both trailer niles and tripe. Definition as in footnote b, table 11.8.

b.  Equal to POST minus PRE.
C. Fraction of boat owners in population (0.1124) tinme 80 million households times average surplus per trip of either $103

from robust regression (first figure) or $122 from CLS.

62-LL
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conponent reported in the preceding chapter diminishes the inportance or
nmet hodol ogi cal considerati ons. The benefits of increased intensity of use
anong i ndividuals owning boats before the quality change appear to be very

smal | .

VELFARE ESTI MATES:  BOAT RENTI NG HOUSEHOLDS

But what about boat renters? This conponent has thus far been
i gnored, our analysis focusing instead on ownership for the purely
practical reason that the Coast Guard data contains no information on
renters other than their nunbers, thus prohibiting nodel estination. But
if renters are assuned to behave just |ike owners a rough cal cul ation of
the rental market conmponent of benefits can be undertaken

The Coast Guard survey (p. 90) estinmates that in 1976 there were
3, 752,000 households that rented a boat in 1976, with an average of about 3
trips per househol d. Using the nost generous assunptions, an upper limt
on the benefits of water pollution control accruing to new and existing
boat renters can be obtained

The benefits of control accruing to boat renting househol ds, BR can
be approxi mated (Vaughan and Russel | 1982) by

By = [OB x AT + NB x OT + NB = AT}V (21)

wher e

oB

the total nunber of boat renting househol ds before pollution

control, 3,752,000

NB = the additional boat renting households attracted by pollution
control
Orf = the total boating trips per household per year before pollution

control, 3
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AT = the increment to OT from pollution control

V = the consuner's surplus per household per boating occasion.

To get new boating househol ds, NB, suppose the probability of renting
a boat increases by the sane proportion as our naximum percentage increase
in the probability of owning due to pollution control. Using the change in
the probability of owning from conditional logit nodel 17 and a base
probability of owning of 0.1124, gives a 1.33 percent increase in the
probability of renting. The product of 3,752,000 initial boat renting
househol ds and the 0.0133 increnent produces 50,000 new boat renting
househol ds, NB. Assuming their increase in trips AT is the naxinum from
table 11.9, 0.039, and a high value for V of $122 per household per trip,

we get an upper linit on Br inmllion dollars, of:

Max
B = ((83,752,000 x 0.039) + (50,000 x 3) + (50,000 x .039))122)/(1 x 109)
BS* = $36.39 million,

Simlarly, a lower linmt estimte of Rg can be constructed by assuning
only a 0.15 percent increment in the probability of renting (Logit Model
20), or 5,700 new renting households for NB, along with a lower limt of

0.022 for AT fromtable 11.10 and a |ow value per trip of $103. This

gi ves:
B'F\f” = ((3,752,000 x 0.022) + (5,700 x 3) + (5,700 x 0.022))103)/(1 x 10%
B'F\{'” = $10.28 million.

In the next section we conbine all benefit conponents and remark on

their nagnitude in conparison with previously published estinates.
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Table 11.10. Total Boating Benefits of Pollution Control
(mllion 1983 dollars)

M ni mum Maxi mum

I ncreased Owner shi p? 24. 62 264. 02
Increase Intensity of Use, O/vnersb 20. 38 42.78
I ncrease Rentershi pC 1.76 18. 30
Increase Intensity of Use, Rent er s© 8. 52 18. 09

G and Tot al 55. 28 343.19

Not es:
a. Fromtable 4.13 chapter 4.
b. Fromtable 11.10, this chapter.
c. Calculated in this chapter.

SUMVARY: TOTAL WATER POLLUTI ON CONTROL BENEFI TS ACCRUI NG TO THE BOATI NG
CATEGORY OF RECREATION

The analysis of this and preceding chapter has identified four
conponents of boating benefits from bringing all water, both fresh and
marine, up to boatable quality. The benefits of increased ownership,
i ncreased rentership, increased intensity of use anobng owners and increased
intensity of use anbng renters have been separately identified and
quanti fi ed. Al of these conponents are brought together, in summary
fashion, in table 11.10, where the mni num and maxi num estimate in each
category is reported, along with grand totals. Particular conbinations of
estimates from the nodel’s predictions reported in table 11.13 of the
previous chapter, and table 11.9 of this chapter can be chosen, if so
desired, to produce point estimates of the grand total lying within the
range of $55 to $340 million shown in table 11.10.

The evidence that benefits can vary by a factor of 6 due purely to
net hodol ogi cal choi ces regardi ng equation specification and estination

procedure, using the sane data set, is fairly unsettling. This sort of
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wi thin-sample uncertainty arising fromthe selection of a particular set of
econonetric tools, when coupled with variation across data sets, nakes
cross-study benefit conparisons a hazardous undertaking. | ndeed, nost
existing studies pay scant attention to within-sanple variation in point
estimates of benefits, due to the procedural choices open to the
investigator, but rather report a single benefit nunber as if it were

fact.20

But if conparisons are to be made, reference to Freeman’s (1982) nost
likely boating benefit point estimate of 1.5 billion 1978 dollars per year
(with a range of 1 to 2 billion) shows that the benefits reported here are
gquite small indeed. Moreover, when we recogni ze that 44 percent of the
boaters in the Coast Quard survey reported using their boats mobre than 50
percent of the tinme for hunting and fishing rather than just pleasure
cruising, the benefits of pollution control accruing to boating per-se are
even smaller, the bal ance being already accounted for in fishing.

It is extremely hard to isolate the primary source of the discrepancy
between Freeman's nost likely estimate and our own figures. But Freenan's
j udgenent was based on a synthesis of existing studies, nobst of which
appear to have assuned a larger polluiton-reducing policy effect than the 3

percent average inprovenent reported in the Dyson survey upon which our

estimates are based
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NOTES
L. The underlying functions are nonlinear, so evaluation and summtion
over all individuals is nore correct than the aggregate approximation in
(4). But in practice the poor quality of the nodel estinmates would not

seemto justify function evaluation on an individual-by-individual basis.

2. This procedure is illustrated in Vaughan and Russell 1982, Chapter 6,
p. 167. For discussion of the pitfalls, see chapter 3 above.

3. While alternative value per trip estimtes could be obtained from
publ i shed sources, use of such values could be inconsistent with the notion
O a plausibility check based on separate anal yses using the sanme (Coast
Quard) data base.

4, For instance, in Vaughan and Russell 1982 a 1979 coat of 7.62 cents
per mile was used based on American Autonobile Association data, while the
U S. Departnment of Transportation reports a 1982 cost for internediate
autonobi l es of 13.5 cents per mile.

5. For an exanple of this sort of nodel see Duan, et. al. 1983.

6. This construct abstracts from the characteristics of the sites

visited, which are unknown but nmay influence the reported distance

travel | ed.
1. The derivative of the function in (11) with respect to b, is required:
. =(DF-DM)(exp(bo(DF/DM))(DF/DM)
0 (exp(bo(DF/DM))DF + (1~exp(b°(DF/DM)))DM
8. Wth an additive linear form A can be used directly as a regressor

and the unknown factor of proportionality will be absorbed in the paraneter

estimate attached to it.
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9. For estimation using analytical first derivatives of the function in

(12) with respect to the paraneters.

(blA/DM)(exp(bob,A/DM)(b1A~DM))

oF/3b, = (exp(bob,A/DM))b,A + (]-’-exp(boblA/DM))DM

(boA/DM)(exp(bob,A/DM))(blA-DM) + (exp(bob,A/DM))(A)

9F/3b, = (exp(boblA/DM))b,A + (1iex5(b°blA/DM))DM

10.  Since coat per mile in this nodel is assuned constant across all

i ndi viduals, the j th paraneter estinates B, froman addi ti ve nodel using
di stance as the jth regressor and a nodel using a constant, c, tines

~%
di st ance, H all else constant, are related by (Knenta 1971, p. 377)

a~x 1 -
Bi =2 b
11. It should be noted that nmany responses were coded 998 or 999 in the
data tape which we received without any docunmentation on coding
conventi ons. I nspection of the raw data reveal ed these figures, and a cal
to the Coast Cuard confirnmed that they represented “no response given” or
“don’t know'. Had the raw data not been screened with a prelimnary
descriptive statistics analysis, these invalid observations could have
erroneously been included in the estimation data set.
12 The Tukey biwei ght robust regression criterion can be inplenented
using iteratively reweighted | east squares (Holland and Wl sch 1977). W
use the SAS NLIN procedure to mnimze

Spiwei ght = IR(r),
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wher e
Qr)
Qr)

(B*2)(1-(1-(r/B*?® if |r|<=B, or otherw se

(B 2)
wher e

Bis a tuning constant. W use B=4.685

ris abs(residual)/;

¢ is a measure of the scale of the error

W use the residuals ;i fromthe equal -weights nodels to construct a
robust neasure ;s(medianlai-median ;i|)/.6745 which is approxi mately equa
to the true ¢ if the sanple is large and arises froma normal distribution

The wei ghting function for the biweight is:

W, = (1-(r/B)®»% if |r|<=B, or

w, =0 if [r|>B

The bi wei ght estinmator depends on both a nmeasure of scale (like the
standard deviation) and a tuning constant. Results vary if these val ues
are changed

Initial starting values for the paraneter estinmates were obtained from
| east absol ute deviations (LAD) estimation following the weighted OLS
procedure suggested by Maddala 1977

The standard errors reported for the robust regression results are
those cal culated by the weighted |east squares algorithm Wl sch, 1975,
suggests that if standard errors are so calculated, the critical tabled
value of the “t” statistic enployed for hypothesis tests of the robust
regression paraneters at a particular significance |evel be adjusted upward

by a factor of 1.12. So, for exanple, the critical value at the 5 percent

| evel becones 2.20, not the usual 1.96
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13. The expected val ue nature of the dependent variable, MLES, suggests a
possi bl e het eroskedasticity problem since the standard error of the
response nmay vary inversely with the nunber of trips taken by an
i ndi vi dual . Respondents with a larger sanple size (nore trips) mght
report a nore precise (lower variance) average di stance travelled than
those whose average reflects limted trip experience. If this were the
case, the standard errors of the paraneter estinmates reported in table 11.5
woul d be bi ased.

Rat her than pursuing this suspicion analytically, the residuals from
the nmodels in table 11.5 were exposed to the Park (1966) heteroskedasticity
test. The test relates variance of the ith observation to trips taken with
the general form <:2==02(TRIPS)°s where § is a paraneter to be estimated and a

consi stent estinate of o; is constructed as the square of the ith

predi cted
resi dual . The outcomes of double-l1og Park test regressions do not reject
the null hypothesis of honbskedaaticity, so no renedial procedure is
required.

14, No observations received weights leas than 0.40 in the state run and
only 5 observations received weights leas than 0.40 in the county run.
Moreover, 85 percent of the observations received weights above 0.80 both
the state and county runs.

15, This criterion (variously |labelled the Sargan teat or Akaike a
Information Criterion) is not really a statistical test with known
statistical properties. Instead it is just a mnethod of nodel

discrimnation which is easy to calculate and should be successful,

according to evidence from Mnte Carlo studies, “on average,” presum ng one

O the nodels in the conparison set is the true nodel, No significance

| evel can be set for such a conparison: one just chooses the nodel with
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the higher likelihood (Aneuryn-Evans and Deaton, 1980; Harvey, 1981);
16. If ¢*is above 2 the relative efficiency of the snearing estimate is
| ow except when, as in our case, the rank of the X matrix is greater than
10.  See Duan 1984, table 111.
17. By omitting the travel cost for substitute activities, trips equations
i ke those estimated here obviously could suffer from paraneter bias.
18. This sanple is smaller than the trips and trailer niles estinmation
sanpl es because it represents the usable subset with conplete data on al
variabl es, including pollution
19. Fromthe trailer nmles expression (12) it is theoretically possible
for the derivatives of trailer mles with respect to either distance to
freshwater or distance to nmarine water, ceteris paribus, to take on
positive or negative signs. Specifically, if distance to marine water
stays fixed while distance to freshwater falls, the expected trave
di stance can either rise or fall, depending on the initial values of HF and
I[M' For sone observations in our sanple, pollution control has no effect
on distance to marine water, so it is conceivable that the unusual result
of an increase in trailer mles could result froma decrease in distance to
freshwater. However, only four of the observations in our sanple exhibited
this behavior. O course, if both distances fall, no problem arises.
20, A previous study of freshwater fishing benefits of pollution contro
by the authors (Vaughan and Russel|l 1982) revealed a simlar sensitivity to

procedure, the benefits varying by a factor of 7 purely due to procedura

choi ces regardi ng sanpl e design and estimation nmethod (table 6-5, p. 165).
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APPENDI X 11. A
TESTI NG NONNESTED HYPOTHESES USI NG THE DAVI DSON- MACKI NNON TESTS
A famly of nonnested hypothesis testing procedures has recently been
devel oped by Davidson and MacKi nnon (1981) which are sinple to conpute --

the C and P tests. Wth a sufficiently large sanple, the idea of this

class of tests is to test trips Mdel | as H, against Mdel Il as H,
conditional on the truth of H. Reversing roles, Mdel Il becomes H, and
is tested against Mdel |, conditional on the truth of the new H,.

The set-up for the fam |y of Davidson-MacKi nnon tests is quite sinple.
As before, we have the two conpeting (nonnested) |inear nodels:

He: 1nY = £(X,8) + g, (A1)

Hy: lnY = g(Z,8) + g, (A-2)
Both error terns are assuned to be nornally independently distributed with
zero mean and respective variances ¢% and o3.

Define the maxi mum likelihood predictions (*) of each observation of

the nY vector, given the maximum |ikelihood (M) estinmates of & and B, as:

*
£,0= (X ,0y) (A-3)
*
g, = 8 (X ,8y) (A-4)

The C (conditional) test of the truth of H, involves a Ilinear
regression to estimate the test paraneter a, conditional on the By, Vector:
* *
lnYi = (1—0:)f‘i *agy toey (A-5)
or
* * *
-~ - - A-6
lnYi f‘i ct(f‘i gi) * ey (A-6)
The validity of H, can be tested by using a conventional t test of the

-~

nul | hypothesis that a, the estimate of a, equals zero. However, the t
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statistic for ; is not distributed asynptotically as N(O, 1) if H, is true.
Rather, the estinmate of the variance of the distribution of the t statistic
for the C test is asynptotically biased below 1 when H, is true.
Practically speaking, this neans that the nonminal |evel of significance
chosen for the test wll overstate the true asynptotic |evel of
significance, or otherwise said, the true probability of Type | error
(probability of rejecting a true H) wll be less than the nomi nal |evel
chosen. The C test is therefore conservative in the sense that it is less
likely to reject a true H, than one wishes it to be.

To produce a test statistic which is asynptotically distributed as
N(O, 1) Davidson and MacKi nnon suggest the J (joint) test which estinmates a
and B jointly:

lnY‘1 = (1-‘a)f‘i()§.8) + ag: tey (A7)

However, another test procedure which shares the asynptotic properties
of the J test, is the P test. The P test involves a linearization of the J

test, around the BML vector:

* * * '
lny, = F, = alg; - f‘i) +byfl ... + b F +oe (A-8)
where f' denotes af/BBKIBkML for k =1, ..., K paraneters in the nodel
under H, and b,, ..., by are paraneters to be estimated along with a in the

P regression. To conplete either the C or P procedures, the roles of H,
and H, are reversed and the tests repeated.

Note that these tests require nornally and independently distributed
error terns, so before inplenentation of the tests, it would be prudent to
verify the normality assunption, which is also fundanental to the two-step
hurdl es nodel enploying OLS using the logarithm of the dependent variable

in the second (intensity) step
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Thus as a spot check, the OLS residuals fromnodel Il.1.a. can be
exposed to two normality tests; the nonparametric Kol mogorov test (Conover
1980, Lillefors 1967) and the paranetric Kiefer-Salnon score test (Kiefer
and Sal non 1983). The relevant test statistics, along with the rel evant
two-sided critical values at the 5 and 1 percent levels, are given in table
11.A 1. At the 1 percent level, both tests fail to reject nornmality.

The followi ng outcones are all possible under the nonnested hypothesis

testing schene.

Model I Model 11
Ho:1lnY=f(x,0) + g, Ho:1nY=f(Z,8) + €,
1 Accept Accept
2 Accept Rej ect
3 Rej ect Accept
4 Rej ect Rej ect

Only outcomes 2 and 3 provide a judgenment between the nodels.

In this case, the absolute values of the test C and P test statistics
are shown in table 11.A 2. On this basis no rejections of either null can
be made at the 5 percent level, Thus, these test results are inconcl usive.
Practically speaking this is not a surprising result, because the
di fference between the nodels is only in one variable, COST versus M LES,

and these two variables are closely related.
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Table 11.A 1. Normality Test Results
Test Critical Val ues?
Test Statistic 5% 1%
Kol nogor ov 0. 0331 0.0361 0. 0433
Ki ef er - Sal non 8. 64 5.99 9.21
Not e:
a. Kol nobgorov critical values from Conover 1980, table Al4 for sanple

size of 1404. Kiefer-Salnmn critical
of freedom

values are chi-square with 2 degrees

Table 11. A 2.

Davi dson and MacKi nnon Nonnested Test Statistics

TESTED HYPOTHESI S H,
Model |
Test C
Test P

Mbdel 11
Test C
Test P

Al ternative Hypothesis H,

Mbdel | Mbdel |1
n. a. 1.41
n. a. 1.53

=
[EEN
SN
>
QD
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Chapter 12

SUMVARY, CONCLUSI ONS, AND RECOMVENDATI ONS

That there are bhenefits to society from water pollution control seens
intuitively evident. Anyone who has boated on a grossly polluted river or
been prevented fromswinmring or fishing in a nearby | ake woul d agree.
Turning this intuitive conviction into nonetized estinmates, supportable as
part of the regulatory process, is an extrenely difficult undertaking,
however. This report has discussed and critiqued two najor nethods of
doing this: participation equations with separately determ ned values for
days of participation; and demand for goods conplenmentary to water quality,
in this case, boats. The results presented have accentuated the critical
note. In this final chapter, these results will be brought together and

their lessons, if any, for policy and research considered.

SUMVARY OF RESULTS

The results generated in this study are summarized in tables 12.1 and
12.2. In the first of these, methods and data sources are shown, while in
the second, benefit estimtes are reported. Only the nost relentlessly
optimstic can take confort from these nunbers. The ranges of uncertainty,
viewed sinmply in dollar terns, are enornous. But nore inportant, those
ranges include substantial negative nunbers.

As discussed in chapter 9, on the benefits accruing via sw mm ng,
boating and m xed swi nming and boating participation, sonme negative benefit
estimates are to be expected--or at |east need not be disturbing. Thus,

participation in boating only night be expected to decline as waters are
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cl eaned up enough to neet the nore rigorous requirements of sw nmmng. That
is, pollution control might be expected to lead to nore nixed-activity days
and fewer sole-activity days. But in table 12.2 are found negative benefit
estimates covering swi mring, boating, and mixed activities together. These
results cannot be so easily explained
The question is, then, what can be nade of the results. Three

possi bl e answers suggest thensel ves:

1. There is sonmething wong with the intuitive expectation that
swi nmi ng and boating benefits (seen together) nust be positive.

2. There is sonething wong with the nethod, either in theoretica
structure or estimation technique.

3. The data problens, especially the water quality data problens,
described in the text are so severe that the results nust be seen

primarily as evidence of them

There does not seem to be any reason to accept the first
interpretation. As argued just above, it would not be surprising or
disturbing to find negative benefits for sone narrowy defined activity
category where switching out of the category m ght be expected to result
fromwater quality inmprovenents. But swi mm ng and boating and nixed-
activity days together provide too broad an activity category for this to
wor k.

There are conceptual flaws in the nethod that involves separate
val uation of changes in participation days projected on the basis of
soci oeconomni ¢ variabl es and aggregated price proxies--whatever the form of
the estimted equations. This point is made at considerable length in a

conpani on report (Vaughan et al., 1985). The sinulation nodel devel oped
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Table 12.1. Summary of Method and

Dat a Sources

Key data Source of
Activity Basi ¢ met hod source val uation Chapters
G eat Lakes and Participation NSHFWR “ 75 Char bonneau and 5, 6, 7
Marine Recrea- Hay 1978
tional Fishing
Swi mmi ng Partici pation NORS ‘72 Loom s and Sorg 8, 9
n. d.
Recreat i onal (1) Participation NORS * 72 Loom s and Sorg 8,9
Boati ng n.d.
(2) Conpl enmentary U. S. Coast Endogenous travel 10, 11
good purchase Guard Survey cost estimates
1973/ 76

Sour ces:

Char bonneau, John and M chael J. Hay.
Econonmic Values of Hunting and Fishing.”

Phoeni x, Arizona, Mrch 18-22, 20 pp.

Looni s, John and G ndy Sorg,

Collins, CO Rocky Muntain Forest

U S. Departnment of the Interior,
Qut door Recreation: A Legacy for

1978. “Determ nants and
A paper presented at the
43rd North Anerican WIldlife and Natural

Resour ces Conference,

n.d. “A Critical Summary of Enpirical
Estimates of the Values of Wldlife,
Recreation Related to National Forest Regions,” unpublished, Fort

W derness and GCeneral
and Range Experinment Station.

Bureau of Qutdoor Recreation. 1973.
Anerica (Washington, D.C.),

Appendi x A

US. Departrment of the Interior. n.d. 1975 National Survey of
Hunting, Fishing and WIdlife-Associated Recreation (NSHFWR) Data

Tapes and unpublished mneo, state

(Washington, D.C).

U S. Departnent of Transportation,

Recreati onal Boating in the Continental

and national reports

United States Coast Guard. 1978.
United States in 1973 and

1976: The Nati onwi de Boati ng Survey,

Washi ngton, D.C
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Table 12.2. Summary of Benefit Estimate Ranges by Activity of Method

(10 dollars, 1983, per year)

Best met hods? Sinple or naive net hodsb

Activity Lowest Hi ghest Lowest Hi ghest
G eat Lakes and Marine 2 425 26 681

Recreational Fishing
Swi mmi ng -313 43 -418 14
Recreational Boating

(1) Participation -242 2 -619 -32

(2) Conplenmentary Good 56 132 136 343

Pur chase o _— _— -

Swi mmi ng and Boat i ng

Joint Participation - 466 432 -910 509

Sum of Boating(2) and - 257 175 - 282 357

Swi mi ng — — — —

4 Best Methods” are defined as foll ows:

-Geat Lakes, etc. fishing: Logit form of participation
probability, distance form of availability variable, Tukey
biweighting in intensity equation.

- Swi nm ng, boating by participation nethod, and joint
swi mmi ng/ boat i ng: Logit form of participation probability; |og
form of intensity equation. Di stance and density forns of
availability variables conmpared in finding high and |ow val ues.

-Boating by complenentary good nethod: County-level water
avail ability; distance and density forms conpared in finding high
and | ow val ues.

b Simple or Naive Methods” are as foll ows:

-Geat Lakes, etc. fishing: OLS formof participation probability,
di stance form of availability variable, OLS form of intensity
equation.
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Notes for Table 12.2 (continued)

-Swi mmi ng, boating by participation method, and joint
swi nmmi ng/ boating: OLS form of participation probability;
untransfornmed intensity variable. D stance and density formnms of
availability variables conpared in finding high and | ow val ues.

-Boating by conplenmentary good nethod: State-level water
availability; distance and density forns conpared in finding high
and | ow val ues.
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and applied in that report produces results that suggest the possibility of
substantial errors in benefit estimates--in either direction and including
negative estinmates where the true results were positive. Further, it is
not possible in the current state of know edge to predict for real data
sets the likely size or direction of errors. Thus, it is not possible here
to reject the possibility that the results are sinply an artifact of the
met hod.

But it is inmportant to be clear that nethod is only one half of the
benefit scissors. The other half is data. And if avail abl e nethods |eave
sonmething to be desired, available data, especially available water quality
data, can at best be called inadequate and at worst pathetic. In the
absence of conprehensive, consistent, and objectively-based data, it is
i npossi ble to test whether the second or third possible explanations is the
nore appealing. The only even tangentially relevant information is that
implied by RFF' s earlier study of freshwater recreational fishing. For
t hat study, based on nuch better water quality data,1 no problemw th
negativity was experienced. (A factor of seven difference between high and
| ow estimates was found when variations in methods were explored.)

On this basis, admttedly not an overwhel mi ng one, it nonethel ess
seens reasonable to conclude that the biggest problem here is with the
water quality data. This leads to the mmjor recomendation of the study:

If water pollution control benefit estimation is to be a
serious part of policy nmaking there nust be an equally serious
effort to build and maintain a water quality database. The two
essential characteristics of this database are that it be
conprehensive in geographic terms and that the water quality
characteristics recorded be relevant. That is, it nust be

possi ble to connect the characteristics backward to di scharges
and forward to activity decisions of individuals.
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Such an effort wll be inportant not only to estimation via
traditional, indirect nmethods |ike the ones exercised here. Even the new
and promising contingent valuation techniques require accurate information
on actual pre- and hypothesized post-policy conditions in order that
respondents can be presuned to be valuing sonething with consistent,
obj ective neaning

A second recommendati on, however, is that other parts of the data
foundation for benefit analysis also be strengthened. In particular, only
for recreational fishing is anything approaching a sufficiently large and
conprehensi ve participation data base avail able. The Coast Guard Boating
survey used in chapters 10 and 11 above was gathered with an entirely
different purpose in nmind and could only be used because a very different
nmet hod of getting at benefits was adapted fromthe literature. The NORS
data were even |less useful, partly because of survey design and partly
because of very small sanple size. The required data collection effort
shoul d enconpass at |east swiming and boating, should include good
infornmation on residence location and on activity venue, and should involve
a sanple size such that at |east 10,000 observations are available for any

contenplated estimation effort.
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NOTES

1. “Fishable waters” in the base period had been defined and
cataloged in a single study; the link between pollution discharges and
fishability was carefully, if not conpletely, defined using biochenical
oxygen denmand and di ssol ved oxygen links, and projections of post-policy
availability were made on this basis using a reasonabl e conprehensive nodel

of U S. pollution sources and major water bodies.
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